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FIELD 

The present invention relates to novel clot specific streptokinase proteins p ssessiaog Altered 
plasminbgcn charBCteri sties. The invention further relates to a process for the ]OTpazBtioii of • 
the said proteins. The streptokinases so produced have propertitt of ezihanced. fibrin 
sel ctivity as well as kinetics of plasminogen activation that are distinct from; that of natural 
streptokinase in being characterized by a teraporaiy delay, or lag, of several* niiiiiites in the 
initial rate of the catalytic conversion of plasminogen to plasmin (a jwocess termed hereal^ 
as *TG activation"). 

The advantage of this invention lies in the presence of these two properties , in; these d^mfiric ' 
(or hybrid) proteins together i.e. fibrin affinity and an initial lag in jDlasniinQgen iectivaticm. In : 
other words, the hybrid protein molecules disclosed in this invention arc both fihtiix s^^ecific . 
and display **delayed-action" thrombolysis. This confers on these novel proteins the ability to 
bind tightly - with fibrin, the proteinaceous substance of blood, clots soon after their 
introduction into the vascular system without significantly activating thfe cii^culating blood . . 
plasminogen to plastoin, thus aiding in the localization of the PG activatioji process to- the: 
site of the pathological thrombus. Thus, once the PG activation lag is overcome within a few 
minutes' of the exposure of the hybrid proteins to plasminogen, they cain easily activate tiit 
plasminogen in the immediate vicinity of the thrombus in a manner essentially similar to that 
of natural i.e. unmodified streptokinase^ thereby obviating the systemic • PGr • activation 
frequently encountered dming clinical use of streptokinase. These nev/ hybrid. proteins caiitL. 
therefore be used to advantage for thrombolytic therapy for various kiiids of Cardiovascular' 
disorders. 

BACKGROUND 

In recent years, thrombolytic therapy with fibrinolytic agents, such as Sireptpkmase (SK), 
tissue plasminogen activator (TP A) or urokinase (UK) has revolutionized thie clinieal 
management of diverse cirrulatory diseases e.g., deep-vein thrombosis^ pulmonary cnibolisdi* 
and myocardial infarction. These agents exert their fibrinolytic effects through activation of 
plasminogen (PG) in the circtolation by clesvage of the scissile peptide bond between 
residues 561 and 562 in PG. As a result, the inactive zymogen is transfomaed to its! active 
form, the serine protease, plasmin (PN), which then acts on fibrin to degrade the latter into 
soluble degradation products. It may be mentioned here that FN, by itself,, is incapable of 
activating PG to PN; this reaction is catalyzed by highly specific proteases like TPA, fte SK- 
plasminogen complex, and UK, all of which possess an unusually narrow protein substrate 
preferance, namely a propensity to cleave the scissile peptide bond in PG« However,, imlike 
UK and TPA, SK has no prot olytic activity of its own, and it activates PG to PN indirectly 



by first fonning a high-affinity equimolar complex with PG, known as -flie Bctivator ccanplcx 
(reviewed in Castellino, F J., 1981, CAem, /?tfv. 81: 431). 

Of the several thrombolytic agents used clinically, SK is probably one of the most-oftcn 
employed, particularly because of its markedly lower cost when compared to TPA and UK, 
However, the choice of thrombolytic agent during therapy is dictated by a. number of factors 
besides cost, such as the presence of side-effects and their severity, m viva metabolic 
survival of the drug (e.g., circulatory clearance rates), fibrin selectivity and/or affinity* 
immimological reactivity etc, SK is a highly potent PG activator, and} has a relatively long 
plasma half-life - properties that, together, impart a certain advantage to this drug as • 
compared to its counterparts viz., TPA and UK. However, due to a lack of any : appreciable 
fibrin clot-specificity in the former, the administration of therapeutically effective doses of 
SK often results in systemic PG activation, resulting in hemorrhagic complications due -to the 
proteolytic degradation of blood factors by the plasmin generated throjughout the circulatory 
system* However^ if a fibrin aflSnity and/or selectivity could be integrated into SK, a 
molecule \^Wch otherwise possesses little fibrin affinity of its own^ it would considerably 
enhance the therapeutic efficacy of this thrombolytic agent. With respect to the cither cov^etcd 
trait in a fibrinolytic agent, such as that described above for TPA above (viz., considerably 
lowered activity while circulating in the vascular system but enhanced PG activating ability 
in the presence of fibrin), attempts have been made in the past to produce analogs of SK with 
greater circulatory half-lives and decreased systemic plasmin generation by incorporating 
properties such as a slower rate of PG activation into the fibrinolytic ogenL One example 
where this has been successfully accomplished is that of anisoylated stroptokihase. plasmin 
activator complex, abbreviated APSAC (sold imder the trade-name 'EminaseVby the Beecham 
pharmaceutical group) (reference: Smith, R-A.G., Dupe, RJ., Fnglish, P.D;,. andGreen, 
J., 1981 > Nature 290:505) in which the catalytically important serine residue of; the plasmin 
component is blocked by reversible acylation. The generalized plasmin activation coincident 
with the administration of unmodified SK has been reported to be appreciably diminished 
during thrombolytic therapy with APSAC since the deacylation of the covalently modified 
serine in the SK-acylated plasmin complex occurs slowly in the vascular system. 

It is thus generally recognised that it will be of significant clinical advantage if SK coiild be 
engineered to possess increased fibrin affinity/specificity together with a markedly slower 
initial rate of activation of PG, Thus, soon after injection into the body, whilst itis still in an 
inactive or partially active state, such a modified PG activator will bind to the patliolpgical 
fibrin clot during its initial sojourn through the vascular system in an inactive/partially active 
state. However, after an initial lag (a property engineered into the derivative/anialog through 



design) it will become fully activated after being sequestered to me fibrin clot by virtue of its 
fibrin affinity. Thus, the PG activation process will be relatively litnited to the. immediate 
vicinity of the clot, thus obviating the systemic PG activaiion coincident natural SK 
administration which has no intrinsic fibrin afBnity of its ovm and which activates PG as soon 
as it encount rs it. In other words, whilst the former properly in the novel prbtein/s would be 
expected to confer on the thrombolytic agent an ability to target itself tc the immediate locale 
of the pathological clot and thus help build xxp therapeutically effective concentrations of the 
activator therein, the initially slow kinetics of PG activation would result • in an overall 
diminished generation of free plasmin in the circulation. The net result shall b6:& continued . 
and more efficient fibrinolysis at the target sustained by considerably lowered therapeutically . 
effective dosages of the thrombolytic agent. 

In the past, l^e gene encoding for SK has : been isolated from its. natural 5o:urce 
{Sireptococcus species) and cloned into several heterologous micro^organisin^^uch as yeast 
T(Hagenson, M,J., Holden, Kj\., Parker, KA., Wood,P.J., Cruze, FUkc- M,, Hopkins, 
T.R., Stroman, D.W.,1989, Enzyme, MicrobTechnol 11:650), bacteria viz., E. coli (Malke, 
H, Ferretti, JJ., 1984, Proc. Nat'i Acad Set 81: 3557), alternate species of Strepsocdcciis 
(Malke, H., Gerlach, D., Kohler, W., Ferretti, JJ., 1984, MolGeh.Genet 196:360 >, and 
Bacillus (Wong, SX., Ye. R.., Nathoo S.,1994, Applied and Env, Microbiol l:Sl7)fln 
addition, genetically modified SK derivatives containing "Kringlc" : type fibrin binding 
domains derived from plasminogen, and methods of obtaining the ^ame by rDNA 
techniques, have been described (EU 0397 366 Al). However, since five; such Kringle 
regions are already present in the natural SK-PG activator complex, being an integral pan of 
PG Id the activator complex, the advantages gained from frnther addiiion of ^ siicb domains 
are likely to be minimal. Hence, there is a need to impart a qualitatively different fibrin- 
at^nity and/or specificity to the activator complex^ particularly of a type associated with 
TPA, a very effective thrombolytic agent possessing much greater fibrin affinity than SK, 
TPA is knoAvn to contain a fibrin-associating "finger** domain, which is structurally and 
functionally very similar to the fibrin-binding domains present in fibronectin, a multi- 
functional protein with ability to interact with a number of other proteins besides fibrin e.g,, 
collagen, heparin, actin etc (reviewed in Ruoslahti, E., 1988, Ann. Rev, Biochem, 57;375), 
Methods for the imaging of fibrin-containing substances, such as pathological olots and/or 
atherosclerotic plaques in vivo by using large, radio-labeled polypeptides ; derived from 
fibronectin, and bearing these FBDs (fibrin binding domains) have been disclosed (see: PCT 
WO 91/17765); this patent also discloses chemically cross-linked FBD-cohtaining 
polypeptides and a thrombolytic agent (SK) to effect thrombus-targeCed fibrinolysis. Tlie 
chemical cross-linking procedure resulted in the generation f a .coaq)lex. mixture of 
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heterogenously crosTlinked molecules with variable FBD m^^. content, since the 
bifunctional agents used for ch mical cross-linking essentially cross-iihk anyjof thb large 
number of lysine side-chains present in the participating molecules viz. SK and HPCi. Thus, 
this procedure generates mixtures of molecules with undefined iocktion of the crops-links 
between the molecules e.g. both dimers and multimers with both horn - (e.g., SK-SK or* 
FBD-FBD types) and hetero-crosslinked molecules with varying sites of crb^^ijikfi are 
expected to be formed. In addition, it is noteworthy that the SK.mplccules chemically crcKW- 
linked with fibrin binding polypeptides disclosed in this patent s howed an overaH . leVel of 
PG activator activity es sentially comparabl e to that of unmodified SK, and no_alteratipn was 
observed in the rate of PG activation, or the presence of anjniti^ 

kinetics. It is quite clear that this invention related to the preparation of a heterogeneous 
population of cross-linked molecules with structures essentially undefined with respect to the 
cross-links' locations, and without any cross-correlation between the different structures in 
the ensemble, of molecules and their corresponding functional properties. This is a- serious 
limitation in the description of a drug intended for therapeutic application, in general^ and 
with respect to the exact nature of the structure-function correlation in. the collection of the 
cross-linked molecules^ in particular. 

In the past, hybrid SK derivatives with "kringle" type fibrin binding domain^. dm vfed from . 
human plasmin(ogen) fiised to the former, and methods of obtaining the saine iby rDNA 
techniques, have been described (EU 0397 366 Al and US 5187098). Ho wevqr, : five such 
Kringle rc^ons are already present in the natural SK-Plasmin(ogen) activator complex^ as 
noted before, being an integral part of PG in the activator complex, which has a weak fibrin 
affinity at best (Fears, R., 1989., Biochem, J, 261: 313). Henco, there is a need. to impart t 
qualitatively different fibrin-affinity and/or specificity to the actiyatdr complex aniJ Utilize 
the affinity so imparted to obtain SK derivatives that display fimctional chaxBctoristics that 
help avoid the immediate activation of plasminogen upon contact with the latter* 

Certain proteins are known to contain fibrin-associating "finger", domain/s, siich as those 
present in fibronectin, a multi-fimctional protein with ability to interact With a number of 
other proteins besides fibrin e.g., collagen, heparin, actin etc (reviewed in; Ruoslahti, E., 
1988, ^nn. -Rev. Biochem, 57:375). TPA also possesses a "finger" type fibrin binding domain 
(FBD) that greatly helps in its fibrin association (Veiheijen, J.H. et al., 1986., EMBO J. vol- 
5, pp. 3525). Methods for the imaging of fibrin-containing substances, such as pathological 
clots and/or atherosclerotic plaques in vivo by using large radio-labeled polypeptides derived 
firom fihronectin. and bearing these FBDs have been disclosed (sec: PCT WO 91/17765); this 
patent also discloses chemically cross-linked FBD-containing polypeptides 'and a 
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) to effect thrombus-targeted fibrinolysisTlTOwevcr. it is noteworthy 
that the SK molecules chemically cross-linked with fibrin binding polypcprides showed an 
overall level of PG activator activity essentially comparable to, that of immodified SK cdetd 
no alteration way observed in the rate of PC activation or the presence ofan imiiat lag in 
the PC activation kinetics. Besides, the cross-linking procedure resulted in:the generation of 
a complex mixture of heterogenously cross-linked molecules with variable FBD and SK 
content, since the bifuncdonal agents essentially cross-linked any of the large tiumbpr of 
lysine siderchains present in_the_ participating molecules_yiz. SK and HPQ- likiely. gerierating . 
both dimers and multirocrs with both homo- (e.g., SK-SK or FBD-FBD types) and hetero- 
crosslinked molecules. Moreover, this invention essentially disclosed the preparation, of a 
heterogeneous population of chimeric molecules between SK and fibiiu binditig polypeptide 
with undefined covalent structures with respect to the sites of cross-linking, as well as. ^es of 
polymers so formed i.e. whether homo- (SK-SK or FBD-FBD types) or hetero^types, so that 
any meaningful structure-functional cross-correlation between the dtlferent. stiwtii^ in the 
ensemble and their corresponding functional properties cannot be obtained; This is avsexious 
limitation in a drug intended for therapeutic application particularly one admixdstered 
through a parenteral route in human beings. 



In contrast, the present invention provides novel clot-specific stfeptbkinasiB proteins 
possessing altered plasminogen activation characteristics and a process for the^preparatibn of 
different types of said proteins by recombinant DNA technology wl:uch have been designed 
using precisely defined elements of DNA polynucleotides that encode; for .fibrin binding 
domains and SK, or their modified forms. The hybrid proteins so formed.thus have tSvo very 
important structural as well as functional elements, namely SK or its modified forms, and 
'fmger' type fibrin binding domain/s attached to each other through covalent peptidie bonds in 
a predefined and predetermined order of juxtaposition with respect to each other (see Fig. 1 
for types of such constructs, and the rationale for their construction, which is provided- below) . 
so that the hybrid, or chimeric, proteins so produced after expressioti in a svdtable system 
possess discrete, definable covalent structures. In other words, the novel hybrid proteins 
contain SK or fimctionally relevant parts thereof, connected through polypeptide lihkage/s 
with the relevant protein domains of human fibronectin that are capable of. independently 
conferring fibrin aflSnity to the resulatani hybrids in such a marmer that the hybrid pjrotcih/s 
specifically display altered plasminogen activation characicristics. The latter is marked by 
the presence of an initial period of lag of several minutes* duration in the rate of PG 
activation by the hybrid SK derivatives (viz., time-delayed PG activatioii), which is followed 
by high rates of PG activation akin to that displayed by immodified SK. In other v/otds, the 
duration of the initial lag, which varies depending on the type of hybrid construct, isTapidty 



followed by PG acfivation rates closely similar to that of natural SK, The simulianeous 
pr sence of the afore-mentioned two distinct biochemical properties in the same. ?lot- 
dissolver protein molecide renders these hybrid streptokinases as very uscfial drujgs for 
targeted, time-delayed clot lysis during thrombolytic therapy. 

The biologically active fonn of Streptokinase (SK) is either the. SKTpla:Sminpgen or SK- 
plasmin molecule/s, formed in the circtilatory system by the association of SK with 
endogenous plasminogen- soon after its administration 1/1 -VIVO. This complex is also known as 
the activator complex, a highly specific protease that activates substrate molecules of 
plasminogen to plasmin, which proteolytically digests fibrin and helps restore, blood 
circulation in occluded vessels (Castellino, C.J., 1981., Chem, Rev, 81:431). Unlike free.SK. 
which does not possess fibrin affinity, this complex already possesses substantial, fibrin 
affinity of its own due to the "kringle" fibrin binding domains present in the plastmh(ogten). 
part of the SK-plasmin(ogen) activator complex (Fears R., 1989., Biochem, J. 361: 31-3; see 
also references cited therein). Nevertheless, unlike other preferred plasminogen activator 
protein drugs such as tissue plasminogen activator (TPA) which possesses intrinsic, fibrin 
affinity as well as a fibrin-dependent plasminogen activation kinetics,, the administraticLn of 
SK during clot dissolution therapy often leads to imwanted systemic activation of 
plasminogen throughout the circulatory system due to immediate activation of circulating 
plasminogen, as opposed to the desired activation in and around the fibrin clot occluding the 
flow of blood through the affected vessel/s. 

Thus, it will be of significant clinical advantage if SK could be engineered to possesis 
increased fibrin affinity/specificity together with a markedly slower initial rate of activation 
of plasminogen (PG), but becoming capable of activating plasminogen in a manner similar 
to that of unmodified SK aAer an initial hiatus. Thus, soon ai^er injection into, the: body» 
whilst it is still in an inactive or partially active state, the engineiered SK will bind to the- 
pathological fibrin clot while still in an inactive or partially active state, as it sojourns through 
the vascular system by virtue of the engineered fibrin affinity. However, after the initial lag 
in its PG activation kinetics is overcome in a few minutes, it will piefereritially become 
activated in the inmiediate vicinity of the clot where it is now sequestered, thereby obviating 
or significantly minimizing the systemic PG activation coincident with natural SK 
administration which immediately activates PG upon administration. Thus/ whilst the former 
property (of fibrin affinity) woijld be expected to confer on the new thrombolytic agent an 
ability to target itself to the immediate locale of the pathological clot and thus help build up 
therapeutically effective concentrations of the activator therein, the other property (of an 
initially slow kin tics of PG activation) would result in an ovemll diminished g neration of 
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free plasmin in the circulation. The net result shall be a continued and more efRdexH 
fibrinolysis at the target sustained by considerably lowered therape^itically effective d sages 
of the thrombolytic agent, hi conclusion, a fibrin afBnity per se in SK has Httle.^encficifl] 
consequences (which anyway the SK-PG complex possesses in some measure) unless the 
systemic PG activation is thwarted and/or delayed. 

An important attribute of the present invention isthe preparation bf dlfFcrenl Types of novel 
-and-hithcito-undisclosed-chimeric-SK derivatives Iproduced by recombinant DNA technology 
using defined gene-segmenis of SK and FBD combined in a pre-dfisignc4 manner. These 
novel genetic constructs have been designed using precisely defmed DNA elements that 
encode for SK and fibrin binding domains, or their modified forms so as to retain the 
functional characteristic of each (PG activation and fibrin afBnity, respectively) as weB as a 
characteristically altered PG activation kinetics. The chimeric proteins so produced have 
two types of elements (SK and the *finger'*type fibrin binding domains, or their modified 
forms) in a predefined and predetermined order of juxtaposition with respect to each other, 
so that the chimeric proteins expressed from these genes possess, discrete, definable covalent 
smictures. In other words, the chimeric proteins contain SK or parts thereof, connected 
through polypeptide linkage with the relevant protein domains that confer fihrin affinity to 
die resultant hybrids and also specifically result in altered kinetics of PG activiition. The 
latter is characterized by an iiutial lag, or absence of PG activation, of several minuteis* 
duration (viz., time-delayed PG activation), followed by high rates of PG activation aldn to 
that of unmodified SK. The initial lag (uiiich varies from approx. 8 min to 2S min 
depending on the design of the SK derivative) is rapidly followed by higib rates <sf PG 
activation closely similar to that displayed by natural type SK, The simultaneous presence of 
the afore-mentioned two biochemical properties in the same PG activator molecule has not 
been disclosed in the SK-derived molecules in cither of the patent disclosures cited above. 
In addition, the present patent discloses new combinations of DNA sequences that have 
been used to express the novel protein molecules with a unique combination of fimctioxial 
properties, mentioned above, which are not disclosed in the other patents. 

The rationale for the construction of hybrid SK derivatives as disclosed in the proccss of the 
present invention with both fibrin specificity and delayed PG activation kinetics is: explained 
below. 

The molecular basis for the fibrin affinity displayed by fibronectin has been studied ih some 
detail in recent years (Matsuka, Y.V., Medv d, L.V., Brew, S.A. and Ingham, K.G., 1994, J; 
Biol Chem, 269:9539). Under physiological conditions. FN first interacts rcversibly (but 
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with relatively high affinity) with fibrin and is then covalently incorporatBd into the fibrin 
clot matrix through clotting factor Xm. a transglutaminase (reviewed in: Ruoslahti, E., 1988. 
Am. Rey. Biocfwm. 57:375). %^ose action results in the covalcnt crossJihking betwem FN; 
and a lys residue in fibrin(ogen) at the reactive Gin (residue 3) of the former. Th regibn/s 
responsible for the interaction of FN with fibrin have been identified to reiside both in the N- 
terminal as well as the C-terminal ends of this multi-domain protein. The N^temunal rjegion 
of FN comprises of five finger modules (FBDs) as well as a trans glutaminiaKe chjss-liiikiiig 
(TG)-siterwhereas-thc C-tcrxninal -regionr lacking -a TG- sitCy-contains modules, as 

demonstrated by the binding of different polypeptides derived from FK tarrying thfese two 
broad regions to fibrin-agarose. The exact domains in the N-terminal region responsibto for 
the strong binding of the FN module, and their relative contributions towgirds thiis iiiteractibn- 
have been analysed closely (Matsuka, Y.V., Medved, L.V., Brew, Sj\. and Ingham, K.C., 
1994, J. Biol Chem, 269:9539 and Rostagno et al., 1994; J, Biol Chem. 269; 31938) by 
expressing DNA segments encoding various combinations of the modules in heterologous 
cells and/or by examining the fibrin binding properties of polypeptide fragments canning 
these modules prepared by limited proteolysis of FN. These studies clearly identified that of 
all the individual modules present in the N-terminal region of FN,, the bi-modulsr 
arrangement viz., FBD 4 and 5 domains, displayed a fibrin affinity significantly comparable 
to the interaction of the full-length FN molecule, in contrast to all the other domains either aja 
pairs or individually (inclxwiing 4 and 5) which displayed poor affinity jit 37 XI, " It is 
therefore clear from these studies that physiologically effective fibrin binding is not a 
common property of all the modules, either individually or in pairs, but is principally located 
in the FBD pair of 4 and 5, and to a relatively lesser extent, in domains- 1 anid 2. 

To achieve the functional objective of an initially time-delayed PG acliyatiap kinetics by the 
hybrid SK derivatives, our design utilizes the fusion of selected regibns of the FBps of 
human fibronectin or its homologous sequences present in other proteins with SK (or its 
partially truncated forms) at strategically useful points so as to Idnetically. hinder the initial, 
interaction of SK with PG necessary to form the 1:1 stoichiometric activiator complex; It w 
known that of the 4 14 residues constituting native SK, only the first 1 5 residues and the last 
31 residues are expendable, with the resultant truncated polypeptide being nearly, as active as 
the native full-length protein in tenns of PG activation ability (Jackison, KW,, and Tang, J. 
(1982) Biochemistry 21:6620). Further truncation at either end results in drastic decrease in 
the activity associated with the molecule (Malke, H., Roe, B., and Fenretti, J J. ( 11987) In: 
Streptococcal Genetics. Ferretti, J J., and Ciirtis, IL HI [Ed.jProc. American Society for 
Microbiology., Wash. D.C. p. 143 ). It has been demonstrat d that.SK interacts with PG 
through at least two major loci, mapped between residues 16-51 and 23Q-290 (Nihalani,. D,, 
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Raghava, G.P.S., and Sahni, G., 1997, ?rot Sd, 6:1284 ), and probably also the region and 
around residues 331-332 (Lin, F.L.. Oeun, S., Houng, A., and Reed, G;l;-. 1996, Biqchemisj^ 
35:16879); in addition, the s quences at the C-terminal ends, especially ibefore. the last 30-32 
residues of the nativ sequence (Kim, I.C.. Kim. J.S,, Lee, S,H., arid Byun, *S.M*, 1996, 
Biochem. Mol Bio. Int. 40:939. Lee, S.H., Jeong, ST., Kim, LC*,.and Byun, S.Mv, 1997, 
Biochem, Mol Bio. InL 41:199. Fay, W.P„ Bokka, L.V., 1998, Thromb. ffaeniost 79:9i83 ) 
are important in generating the activator activity associated with the complex. Sinpe a 
primary con sidera tion in designing the SK-FBD chimeras was the the etigineering df a 
decreased, or kiixetically slowed, initial PG activation rate, we reasoned that either the C- or 
N-termini (or both, together) could be utilized to bear the FBDs in the hybrid structures, and ' 
that the presence of such 'extra' domains in SK, either full-length or already trOncted 1^ the 
most functionally relevant regions of human Bbronectin that can independently bind, fibrin 
under physiological conditions (detailed earlier^l and would also suiitably retard and/or delay 
the PG activation rates observed normally with native SK and PG by interfering in tiie 
interactions of SK with PG to generate a functional activator complex^ If the polypeptide in 
between these two distinct parts constituting the chimera -Urerei sufficiently flexible, 
proteolytic scission in this region would then result in the removal of the retarding/inhibiting . 
portion (FBD component) from the SK-FBD hybrid and lead to a biirst of PG activation after 
an initial delay. This proteolysis could be mediated by the small amounts of endogenous 
plasmin generated in the vicinity of the pathological clot by intrinsic plasminogen activator/s 
of the system, such as TPA, urokinase etc already present in the circulatory system. Indeed, 
this premise was borne out by experimentation, which showed th^ the lag times of PG 
activation by the SK-FBD chimeras disclosed in this invention were directly governed by 
plasmin-mediated proteolysis of the hybrid proteins leading to the liberation of the FBD • 
portion from the SK-FBD followed by rapid PG activation by the SK: The direct impHcatioh 
of this functional property in a plasminogen activator is that once injected into the body, the 
protein could then traverse in an inactive state through the circulatory system and bind to the 
pathological clot by virtue of die fibrin affinity imparted by the fibrin binding domains 
thereby obviating or minimiTang sytemic PG activatioiL Thus, if the thrombolytic agent 
traverses the circulation prior to this activation (which is known to reqtdre 3*S minutes in the 
human circulation), the fibrin affinity in the chimera would allow it to bind to the clot, 
thereby helping to localize the PG activation in and around the immediate vicinity of the 
thrombus* 

The amino acid sequence of himian FN is known to be composed of three types of 
homologous repeats (termed type-1, type-2 and type-3), of which the FBDs at the amino 
terminus of FN are made of five type-1 repeats, each approximately SO; residues lozig .and 



9 




containing two disulfide bridges. The C-tenninus of FN also has three typc-2 homology 
repeats that are involved in fibrin-FN interactions. Therefore, altogether, a large porticm of 
the FN molecule, representing the several N- and C-tenninaily located! FEDb. could be 
linked with SK if all of the fibrin interacting regions need to be incoifporated -into^ the 
contemplated SK-FBD chimeras. However, such a design produces a chimeric proftein that 
is not orUy too bulky, but also decreases the probability for the polypeptide: to fold into a 
biologically active conformation due to the presence of a large ntxmber of S-S bridges that 
may form non-native, intra- and inter-molecular disulfide bonds. Instead, a potentially more 
worthwhile proposition is to seek miniaturised but, nevertheless, functionally afjtiye 
combinations of selectively truncated regions of SK and/or FBDs. 

OBJECTS 

The main objective of the invention is to provide a novel chimeric strep t6kinaae'-based 
plasminogen. activator protein molecule with advantageous chaiacUmstics of improved fibrin 
affinity and plasminogen activation kinetics characterized by an initial lag of seveml minutes' 
duration (5 to 30 minutes) prior to attainment of full-blown capability of PG activation. . 

Another object is to provide a system for the production of the hybrid polypeptides, which 
includes DNA segjnents/polynucleotide blocks encoding the polypeptides, plastnids 
containing these genetic elements capable of their expression into protein,, as well as 
microorganisms transformed with these plasmids. 

Yet another object is to design a process for the production of the Hybrid plasininc^en 
activator protein molecules in pure and biologically active form for clinical and nisearth 
applications. 

Another objefct is to provide an improved process for the intracellular production of Idrge 
quantities of SK, or its modified forms, in £. coli using an altered :DNA polynuclebtido, iand 
obtain these in a pure and biologically active form, 

A fiirbter object is to provide pharmaceutical compositions comprising luxyel chimeric 
streptokinase-based plasminogen activators of the invention and pliannaccutically acceptable 
carriers. 

SUMMARY 

The invention provides hybrid plasminogen activator comprising a pcilypeptidc boi^l: union 
between streptokinase (SK), or modified forms of SK, or suitable parts, thereof, which arc 
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capable of plasminogen (PG) activation, with fibrin binding regions of huaian fibronectiii 
selected from the pair of fibrin binding domains 4 and 5, or domains 1 and 2, or modified 
forms thereof, to achieve various motifis for joining the fibrin binding dooiaiz^ with 
streptokinase or its modified forms, so that the hybrid plasminogen activator possesses the 
ability to bind v^th fibrin independently and also characteristically rcjtains a pl'asminogtti 
activation ability which becomes evident only after a pronounced duration, or lagi after 
exposure of the plasminogen activator to a suitable animal or human plasminogen; 

DETAILED DESCRIPTION 

The present invention provides a hybrid streptokinase-based plasminogen activator prtpaned 
by conventional recombinant DNA techniques e.g., those described in 'Sambrook et al., 
Molecular Cloning: A Laboratory Manual* (IF^ Ed., Cold Spring Harbor Pre^, 1989) 
and 'DNA Cloning* (vol. I to HI) (Glover, D.M., [Ed.], IRL Press Ltd., London,. 198'^; among, 
several other manuals/compendia of protocols, and the techniques of prot&in piprification 
and characterization, in particular the various chromaiographic • methods employed 
conventionally for purification and dowistream processing of natiiral and recombinant 
proteins and enzymes viz., hydrophobic interaction chromatography (HIC), ion^x^l^^ngc and 
gel filtration chromatographies, and affinity chromatographic techniques well-known in the 
field of protein biochemistry (e.g., in this regard, reference may be made to : (i). Protein 
purification. Principles, high resolution mexhods and applications. Jahson, J-C,, and Ryd^ 
L., [Ed.], VCH Publishers Inc., New York, 1989; (ii) Process Chromatography: A pactic^ 
guide. Sofer, O.K., and Nystrom, L. E., [Ed.], Academic Press, New York, 1989). . ' • 

The advantage of the present invention lies in its disclosure of the^ design of .structiinaJiy 
defined hybrid DNA polynucleotide constructs in which the translational in-fi^une fiision of 
the DNAs encoding SK or its modified forms, and the minimally , essential partis of t^ie 
fibronectin-encoding DNA polynucleotides essential for significant filmn af!fimty on thieir 
own, such as those FBDs that possess independent fibrin binding capability (such as fing^ 
domains 4 and S of human fibronectin) is carried out in such a configuration that confers the 
additional property of a rime-delayed plasminogen activation in the 3'esultant hybrid protein 
molecules. The latter are expressed by translation of the hybrid polynucleotidjes formed 
between the SK-€Dcoding DNA and the FBD encoding DNA in a suitable host* cell such as a 
bacterium, yeast, animal, plant cell etc. The resultant hybrid proteins, containing SK and 
FBD portions fused to each other through polypeptide linkages, cian be isolated in pure foim 
by conventional methods of protein purification. 
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Brief DcscriptioB of the Drawings 

Fig- 1. Schematic representation of different chimeric proteins prepaied by the ftision of SK. 
and FBDs. 

Fig. 2. Map of plasroid pJKD^S, containing SK gene from S, equisimHis H46A.. 

Fig- 3- DNA and protein-sequence of streptokinase ^of .S.-e^wuimrfir H46A (GencBank- 
accession number: gb/K02986/StRSKC). 

Fig. 4. Partial i^^ction enzyme map of DNA encoding for SK. 

Fig. 5. Map of plasmid pFH-6, containing FBD 1 to 5 encoding sequences atcording to 
Komhblitt, A.R-, Umczawa, K., Vibe-Pedersen. K. and Baralle, F,E,, (1985) BMBO J. 
4:1755. 

Fig- 6. DNA and protein sequence of the gene-segment encoding^for FBDs 1-5 of; human 
fibroncctin (the DNA sequence has been obtained from EMBL; the file and accession no-'s 
are ID-HSFIBI and X 02761 JC 00799, K 02273^ 00307, X 00739). 

Fig. 7- Restriction enzyme map of DNA encoding the five N-tenninaUy located FBDs of 
human fihronectin. 

Fig. 8. Map of plasmid pET23(d). 

Fig. 9. Flow chart schematically depicting the main steps in the construction pf a plasmid 
vector for the expression of the native SK geiae of J, eguisimilis H46A, 

Fig. 10. Flow diagram schematically depicting the main steps invbiyed in the. repair of the 
vector pET23(d)SK i.e construction of expression vector pET23(d)SKrNTlRN (NTRN: 
abbrev. form for N- terminally repaired with native sequence). 

Fig. II- Nucleotide sequence of SK-NTRN gene; 

Fig. 12, Predicted secondary structure of native (A) and translationally silentiy modified (B) 
5 -ends of the SK gene seqticnce. 
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Fig. 13- Schematic flow diagram depicting the main steps in the consthuition of a plasmid 
vector tET23{d)SK-NrrR] for the intracellular hyper-expression bf a semi-Bynthctic SK 
gene in wiiich the 5'-end of the op n-rrading-frame for SK was selectively modified in 8 
translationally silent manner at the DNA level, so that it encoded for the primary StructiTO 
ofS. equisimilis SK. 

Fig- 14. Nucleotide sequence of SK-NTR gene. 

Fig. 15. Schematic depiction of the intergenic region of the chimeric .SK-FBp(4,5) gene 
hi^hJighting the design of a gly-gly-gly sequence, a transglutaminase cross-linking ' site .and 
several unique restriction enzyme sites wherein different inter^genic cassettes- cai> be 
conveniently swapped into this region. Also shown is the location of the natural Bsra J. site in 
the SK gene uliich was exploited as the common junction poirit for joining .the FBD 
sequences to the SK gene. 

Fig, 16. Flow diagram depicting the main steps in the construction of plafitmd pSK;MO400, 
containing the SK-FBD(4,5) hybrid DNA block composed of FBE>(4,5) sequences linked to. 
the intergenic sequences at its 5'-end, and the SK gene fused in-frame at the 3* end. . 

Fig. 17a. Scheme depicting the cloning of the hybrid SK-FBp(4,5) cassette inio 
pET23(d)SK-NTR for intracellular expression of SK-FBD(4,5) chimeric protein in £. colt 

Fig. 17b- DNA sequencing data of SK*FBD(4,5) hybrid cassette in. T7 expresaion vector^ 
pET23(d), 

Fig- 18. Schematic flow diagram for cloning of SK-FBD(1,2) hybrid gene in pBtuescript^ to 
obtain pSKMG400-FBD( 1,2)]. 

Fig. 19a. Schematic description of steps involved in the cloning of the hybrid gene-construct 
SK-FBD(1,2) into expression vector pET23(d)SK-NTR for intracellular expression of SK- 
FBD( 1 »2) chimera in E, coli. 

Fig. 19b. DNA sequencing data of SK-FBD(1,2) hybrid cassette in T7 expression vector. 

Fig- 20- Scheme of steps involved in the construction of hybrid gene, block composed of ; 
DNA encoding for FBD(4,5) and residues 1-63 of SK by the Overlap Extension PGR 
technique. 
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Fig. 21a- Scheme depicting steps involved in the cloning of the FBp(4.S)-Sli gen^ block fin- 
expression of FBD(4,5>SK chimera in co/i- 

Fig* 21b. DNA sequencing data of FBD(4,5)"SK gene block as prcisent in: the T7 expression 
vector pET23(d)-FBD(4,5)-SK. 

rig. 22~ aT Flow chflrt^depictii:^ schemflticaJUy the-steps-involv^^^ cptistructian; of 

FBD(4,5)^SK-FBD(4,5) hybrid gene in pET23(d) expression vector. 

Fig. 22 b- DNA sequencing data of FBD(4,5)-SK-FBD(4,5) gene block as.prcsent in the T7 
expression vector pET23(d)FBD(4,5)-SK.FBD(4,5). 

Fig. 23. PuriScation of SK-FBD{4.5) protein exjpTcsscd in £. coli by a cme-stip: affinity 
chromatographic procedixre . 



Vig. 24. Clot lysis by pi^ed SK-FBD(4,5) chimeric protein in a plaraa liiilieatt . 

Accordingly, the present invention provides a hybrid plasminogen activator cbinprisihg a 
polypeptide bond imion between streptokinase (SK), or modified foixas of SK, ; or suitable 
parts thereof, v^iiich are capable of plasminogen (PG) activation, with fibrin. bindii^ regions 
of human fibronectin selected fi-om the pair of fibrin binding domains .4 and! 5; or domains 1 
and 2, or modified forms thereof, so that the hybrid plasminogen activator ipbs'sesses the 
ability to bind with fibrin independently and also characteristically retains plajininDgen-. 
activation abihty which becomes evident only after a pronounced duration, of lag, after 
exposure of the plasminogen activator to a suitable animal or hunian plasminogen. Figure 1 
describes the different designs of the SK-FBD hybrid proteins schematically; as disclosed in 
the invention. 

In an embodiment, the invention provides a hybrid plasminogen activator wbidh carries out 
plasminogen activation only after a lag period varying between S and 30 minutes afier 
exposure of the plasminogen activator to a suitable animal or human plasminogen : 



In a further embodiment, the invention provides a DNA segment encodiftg the hybrid 
plasminogen activator. 



In yet another embodiment, the invention provides an expression vector contaibing; a DNA 
segment encoding the hybrid plasminogen activator. 

hi another mbodiment^ the invention provides prokaiyotic oi ukary otic cells,; transforiried 
or transfected witii expression vectors, and capable of expressing the hybrid jplasmicogen 
activators. 

The invention further provides a method for the preparation of hybrid plasminogen iacfivators 
possessing useful plasminogen activation characteristics, said method comprising, the stepis 
of: 

(a) Preparing a first DNA encoding a nucleotide sequence for sftitpfttbldnase .or 
any of its modified forms, by conventional biochemical , or chenpcal methods or 
appropriate combinations thereof* to produce a translational product which is ai; 
polypeptide that can activate plasminogen 

(b) Preparing a second DNA polynucleotide by known biochemical or cheniiical 
methods or appropriate combinations thereof, that encodes for the fibrin binding 
domains selected from the pair of 5brin binding domains 4 and 5, or ddmaii^ 1 sod 
2, or their modified forms, that arc capable of conferring: afEnity ahd/pr specificity 
for fibrin, and linking these to another DNA molecule that is capable 6f undergoing 
multiplication in a suitable host cell, 

(c) Construction of hybrid polynucleotides, between the first DlilA encoding- 
for streptokinase, or its modified forms^ that encode for a polypepti4p capable of 
plasminogen activation, with the second DNA encoding for the fibrin binding 
domains (FBD) of fibronectin by conventional methods, in the. nativ?e translational 
codon frame starting with an initiator codon^, and joining of the hybrid polynucleotide 
into a recipient DNA molecule^, such as a plasmid capable of autonprnous replication 
in a host cell, or capable of integrating into the genomic DNA of a suitable host celji, 
and expressing the hybrid protein therein. 



(d) Introducing the DNA containing the hybrid polynucleotide cohstructs 
obtained in step (c) into an appropriate host, selected froin the group cdrnprising E, 
colU Bacillus sp.^ yeast, fungus, plant, animal cell by conventional methods. 



(e) Culturing the host ceUs expressing the SK-FBD tbimeric polynucleotide 
using known procedures, 

(f) Isolating components of flie culture, selected fiom- cxtracdlullar fluid $rom. 
fermentation, intracellular milieau of the host cell or cortibinatians thereof, that 
harbour the expressed chimeric polypeptide in an enriched form; and then? paftieJly 
purifying the chimeric polypeptides using conventional procedures aelected-frpm the 

groiip comprising-ccntrifugationruItrafiltrBtionr precipitation- salts or prganic 

solvents etc, or chromatography on suitable media, or combinations thereof; 

(g) Refolding the hybrid polypeptide to a biologically^ active and stnittuiraliy. 
intact foim, if required, 

(h) . Further purifying the biologically active hybrid polypeptide: from thi 
relatively crude or partially pure material/s or cell-free lysate obtained at 5t<pp (1^, or 
(g) above, ai^ refolding, using conventional methods of protein purificatipn, or by 
affinity chromatography on a suitable matrix comprising, immobilized £btili or 
fibrinogen^ or specific antibodies tbat recognize and bind with the active, biologically 
active hybrid proteins. 

In an embodiment, the invention provides a method for the production of the^hyibrid' 
plasminogen activator proteins incliiding DNA segments/polynucleotide blojcks encoding the . 
polypeptides, plastnids containing these genetic elements capable of their expression into ; 
protein, as well as microorganisms or other suitable host cells transforrmed with these 
plasmids. 

In another embodiment, the invention provides a method for the production of the. hybrid • 
plasminogen activator moleciiles in pure and biologically active form for clinical and 
research applications. 

In another embodiment, the invention provides a method for the intracellular production of' 
large quantities of SK, or its modified forms in bacteria such as E, coli, ^sing a 
polynucleotide block that is altered as compared to that of the natural DNA sequence 
encoding for SK or its modified forms, and obtain these in a pure and biologically active 
form. 




In yet another embodiment, the invention provides a method wherieliii the S'-end of thti SK- 
encoding polynucleotide utilized for expression of SK, or its modified forms such as tl>e SK- 
FBD chimeric polypeptides, is modified, as exemplified by the DNA sequeiiice prbviiM in 
Fig. 13, by mutagenesis by known biochemical or chemical DNA synlhesis technicpies, or 
their combination, such that the secondary structure-forming capability (fe.gJ, the 
intramolecular hydrogen bonding capability) of its transcript is diminished, resulting in 
increased efficiencies of expression of SK or its modified forms such as SK-FBD chimerak in 
the hctei^logoiis 

In another embodiment, the invention provides a method wherein the 5'-endt of the SIC- 
encoding DNA or its modified forms such as the SK-FBD chimeric polypeptides; is modifJW 
by mutagenesis by known biochemical or chemical DNA synthesis techniques; or a sqitable 
combination thereof. La such manner that the codons utilized in the DNA polynncleclide are 
compatible with those frequentiy utilized in E. colt or the host cell used for the expressic«J of 
the genes. 

In another embodiment, the invention provides a method wherein the DNA encodin£^.thpBC 
fibrin binding domains that possess independent fibrin binding capabili^ are fused in die 
correct translational firame at the S'-end of the SK-encoding DNA, after a translational Start 
codon, and then expressed into protein of the form exemplified in: Fig* I C, refolded 
oxidfltively and isolated in the purified form, to obtain the desired characteristic in the 
chimera viz., characteristic PG activation properties characterized by an initial lag in thePG 
activation rates together with significant fibrin affinity. 

In another embodiment, the invention provides a method wherein the: fibrin; binding 
domains are fused in-fi-ame at the C-terminal end of the SK, or its modified tbrm, to obtain 
a hybrid SK-ffbiin binding domain protein that contains selected fibrin binding dtimains at 
the C-teiminal end of the SK portion of the chimera after expression of the hybrid DNA in a 
suitable host cell, as exemplified in Figs. 1 A and IB, to obtain the desired characteriptic in the 
chimera viz,, characteristic PG activation properties characterized by an Lnitiai lag in fhe PG 
activation rates together with significant fibrin affinity. 

In another embodiment, the invention provides m method wherein the. fibrin : biaodiag 
domains are fused through polypeptide linkage at the C-terminal end of the.SK devoid of 
upto 45 amino acids, preferably 31 amino acid residues. Thus, a hybrid SK-FBD . protein is 
generated that contains selected fibrin binding domains fused at the G-terrninal end of a 
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troncated SK-, thus yielding a chimeric protein tiiat has both fibrin aflSnity as well as delayed 
PG activation properties. 

In y t another embodiment, the invention provides a method wherein' fibrin .binding dointams 
are fused at both the ends of SK, or its modified forms that retain a piasmihogiBh . activator 
ability, simultaneously (in the configuration represented as TT)D-SK-FBD'; as. schwnatically 
depicted in Fig, 1, D) to achieve the desired functionality in the hybrid construct yit, 
characicri$ticrpjasn)inogcnzactivation^propcrties-characlcri2cd-by"an -Jrii in the PG 

activation rates together with significant fibrin affinity. 

In another embodiment, the invention provides a method wherein the; nbvel<: chimeric 
polypeptides are expressed in co/i or other suitable host cells. 

In another embodiment, the invention provides a method ^^tierein SK or its tiTincat£id fdr^ 
are fused through polypeptide linkages with the fibrin binding domains known to possless 
independent fibrin binding capability through a short linker peptide region comprising of a 
stretch of amino acid sequence that is not conformationally rigid but is flexible^ such as those 
predominantly composed of Gly, Ser, Asn» Gin and similar amino axnds.; 

In another embodiment, the invention provides a method wherein SK or its nibdifieid forms 
are fused with fibrin binding domains through a "linker" peptide composed of amino acid 
sequences that provide varying levels of local conformational flexibility by inc<p[rporBting 
sequences that fold into relatively rigid secondary structures such as beta-turns so as: to obtain 
different chimeric PG activator proteins with, desirable initial lag-times in their plaiminbgen 
activation kinetics. 

In another preferred embodiment, the SK-FBD hybrid polypeptides are expressed in E. coli 
using known plasmids under the control of strong promoters, such as rloc, rrc, trp^ylTJ RNA 
polymerase and the like, which also contain other well known features necessary! to efTect 
high level expression of the incorporated DNA polynucleotides encoding for tlie hybrid 
Streptokinase-fibrin binding domain polypeptides e.g. Shine-Delgamo sequence* 
transcription terminating signals etc. 

In yet another embodiment, SK or its truncated forms arc fused either at the- ami3;u>^ or C- 
termini , or botK, through polypeptide linkages with the FBDs known itb possess ihdq>cn(fetit 
fibrin binding capability^ such as domains 4 and 5, through short 'linker^ x'egions, as 
described above, that contain amino acid sequence/s providing varying levels of local 



confonnational flodbility to the linker segment between the SK and FBD portions of the 
hybrid protcin/s. 

In y t another embodiment, various chemical or physical agents, such as isp-propyl- l>eia-D-* 
thio galacto pyrancside (IPTG), lactose, low or high temperature change, ch^ige in salt or pH 
of medium, etahnol, methanol, and the like, are used to induce hi^ leVfcls- of tlie SK or. the. 
various hybrid polypeptides in the host ceU in which the hybrid polynuclcbtidcB bt« being 
expressed. 

In another preferred embodiment, the hybrid SK-FBD polynucleotides are expressed in. £. 
colL 

In yet another embodiment, the E, coli cells are lysed by chemical treatment sudh as the use 
of chaotropic salts e.g. guanidinium hydrochloride and the like, to effect ih^ liberation of the 
SK or its modified hybrid forms, which are then purified using conventional procedures. 

In yet another embodiment, the invention provides a method wherein the host i£. ra// cetls 
are lysed by chemical treatment such as chaotropic saks e.g.. guanidiriiuiri hydrochloride and 
the like, to effect the liberation of the SK or its modified chimeric foras, followed by 
purification using conventional methods. 

In another embodiment, the invention provides a method wherein thie crudC' wsllrlysates. 
obtained, using either conventional methods or by employing chaotropic salts^ from cells 
elaborating the chimeric polypeptides are subjected to air oxidation to refold the chimeric 
polypeptides to their biologically active confonnations containing the native cystine 
connectivities. 

In another embodiment, the invention provides a method wherein the crude cell^lysates 
obtained using either conventional methods selected from the group consisting of enzymatie 
lysis of cells, ultrasonic lysis, lysis by mechanical means or by employing chabtropic salts, 
from cells elaborating the chimeric polypeptides are subjected to oxidation and refolding 
using a mixture of reduced and oxidized glutathione of a suitable redox potential that allows 
the chimeric polypeptides to refold to their biologically active conformations. 

In yet another embodiment, the invention provides a method wherein the .refolding reaction 
is carried out in the presence of immobilized fibrin to promote a more efficient Ugand- 
induced refolding of the epitopes responsible for fibrin afHnity in the said chimeric 
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polypeptides, and consequently higher yields of the biologically active chimeric protein 
constructs. 

In another embodiment, the invention provides a method v^ierein .the biologicjally active 
chimeric polypeptides are purified selectively from other proteins,: or tmfolded SK-FBD" 
polypeptides, by affinity chromatography on immobilized fibrrxn(ogcn) e.g.. fibrin- or. 
fibrinogen-agarose. 



In another embodiment, the invention provides a method wherein, ai chimeric plaaminbgen 
activator protein is used as a medicaht for the treatment or prophylaxis • of tbrbmbolytic 
diseases. The activator may be formulated in accordance with routine procedures as 
pharmaceutical composition adapted for intravenous admim'stration tti. human beings, an4 
may contain stabilizers such as human serum albumin, mannitol etc^ soliiblizing agerits, or 
anesthetic agents such as lignocaine and the like. 

In yet another embodiment, the invention provides a pharmaceutical compojsition comprisixtg 
a hybrid plasminogen activator and stabilizers such as human serum albumin^ mannitol etCy 
sblubizing agents, anesthetic agents. 

In a further embodiment, the pharmaceuticaj composition of tlie inyentibn. compriaes a 
chimeric plasminogen activator protein used as a medicant for the treatmemtor prophylaxis, of 
thrombolytic diseases and pharmaccutically acceptable carriers. The: activator may be 
formulated in accordance with routine procedures as pharmaceuticail composition adapted for 
intravenous administration to human beings, and may contain stabilizers such as; human 
serum albumin, mannitol etc, solublizihg agents, or anesthetic agents such as ligiiocaine and 
theUke, 



The DNA polyncleotides encoding the various streptokinase^-iibrin binding jdomatn hybrid 
constructs depicted schematically in Fig. 1 can be made utilising rDNA and selective DNA 
amplification techniques (e.g., the well-known polymerase chain, reaction technique^ 
abbreviated PCR) (reference, in this regard may be made to: Saiki, R-K., Scharf, S.i Faloona, . 
P., Mullis, K.B., Horn, G.T., Erlich, R A., and Amheim. N.. 1985, Science 230: 1350; 
Mullis, K.B., and Faloona, F., 1987, Methods in Ensymol 155:335)1 The hybrid genes are 
then expressed In heterologous hosts such as bacteria (e.g. coU)^ or other Suitable 
organisms, to obtain the chimeric polypeptides. Bacterial host cells (£. coH XL Blue) 
harbouring the various plasmid constructs expressing the different SK-FBD hybrid. proteins 
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(see Exampl s section) have been deposited in the Nficrobial Type Culture CdU^tion 
(MTCC), Insthine of Microbial Technology, Chandigarh (a constituent laboratory of 
C.S.LR-, India). The accession numbers of these constructs are ; BPL 00|3 f r ftie pET 2 j(jJ)- 
NTR-SK-FBD(4,5) construct (see Fig. 17a for map of this plasmid); BPL 00l4 for pET 
23(d)-SK-NTR-FBD(U) (see Fig. 19a); BPL 0015 for pET23(d)FBD(4,5)*SK (see Fifr 2ia- 
for map of this plasmid construct); BPL 0016 for pER23(d)FBD(4,S)-SK-FBD(4.S) (6ee Fig. 
22a for map); 0017 for pET23(d)SK-NTR (see Fig. 13 for map of this plaimiid construcl). 
The proteins expressed from these plasmids can be expressed in suitable host cells: (e.g. £. 
coU BL 21) and then purified to render them substantially free of other componciJtfe: derived 
from the host producer cells. In case the polypeptide is expressed in a host : system inert; capable 
of efficient rc-oxidative folding of the primaiy translational product/s of the hybnid genes 
e.g. E. colU an intermediate in vitro refolding step is introdticed subsequent to the expression 
step. Alternatively, the hybrid constructs can be expressed in cell systems capable of efficient 
oxidative refolding of translational products e.g. yeast, animal cells etc. 

The DNA polynucleotide encoding for SK was first cloned in a bacterial plasmid m £ colt 
after isolation from the wild-type S. equisimitis genomic DNA according to known 
procedures (Malke, H., and Ferretti, J.L, 1984; Proc. Nat*! Acad, Sci. 81: 3557) and in recehi 
research publications available in the public domain (Pratap, J., Kaur, J., Rajamohanv 
Singh, D., and Dikshit, K.L.,1996, Biochem, Bwphys. Res. Commtm. 227:303), In the process 
of the present invention, the DNA corresponding to the translational open*readiitg>-£rame 
(ORF) of SK has been further modified with respect to its 5*-codiiig sequences so that, after 
cloning in an expression vector under the control of a strong promoter, largie quantities of 
biologically active SK are produced intraccUularly. The DNA sequence of the: SK.gene 
Streptococcus species (American Type Culture Collection accession No, 12449; this strain 
has served as the producer strain for numerous studies on streptokinase^ and is often risferred 
to as Streptococcuc equisimilis H46A in the scientific literature). The corresponding amino 
acid sequence of the mature protein are provided in Fig. 3. The restriction ens^me map of the - 
SK-encoding DNA is provided in Fig. 4. 

The DNA polynucleotide sequences encodiiig for the fibrin binding domains of human 
fibronectin were selectively amplified from known plasmids containing cloned cDNA.for the 
FN gene. Komblihtt, A.R., Vibe-Pedersen» K.* and Barallc, F.E,,1983, Proc. Nm'l Acad, ScL 
80:3218. have cloned the cDNA encoding for the human fibronectin (FN) gene in a plasmid 
vector in E. coli (pFHl). This cDNA extends approx, 2.1 kb from the poly-A tail 6f the 
mRNA of fibronectin, around one-fourth of the estimat d size of the human FN mes-sago 
(approx. 7900 nucleotides). By further mRNA "wajking" type of experiments, tiiese 
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investigalors carried out the construction of longer cDNA ; clones using synthetic 
oligonucleotides complementary the DNA of clone pFHl. By this method, cDNAs 
corresponding to the complete FN mRNA were prepared and cloned , in several vectors 
(Komhblitl, A.R., Umezawa, K.. Vibe-P dersen, K., and BaraUe, Fi,. (insyEMBO J. 
4:1755). One such plasraid (pFH6) contained the entire sequences coding for the^FBDs of 
the N-ierminal region of human FN (as represented in Fig, 5 showing, the inap of this 
plasmid, and in Fig. 6 shovving the nucleotide and amino acid sequence of thfc PBDi reg^ons 
contained in this plasmid and Fig. 7 for its restriction enzyme map). Plasinid pFH6 served as 
the source for these sequences in the construction of the SK-FBD bybridsw The fibrin binding 
domains located in the N-terminal region of human FN gene were selectively amplified by 
PCR using specially designed oligonucleotide primers that hybridized with DNA sequences 
flanking the FBD DNA segments to be amplified- These priiners also contained non- 
hybridizing sequences at their 5'-ends that provided the intcrgenic scqticncc (i^p: bfctwceii the 
SK and FBD DNA) as well as a restriction site through wliich the ampliified DNA could be 
ligated vnth the SK gene in-frame in a plasmid vector. The cloned hybrid gene was then 
expressed in £. coli so as to produce large quantities of the chimeric polypeptide. This protein 
was then isolated from the £. coli cells and subjected to a process :of purification and 
refolding to a biologically active form. Similarly, different designs of thie .SK and FBD 
hybrids were then constructed using recombinant DNA methods, expressed, and isolated in 
biologically active, purified forms. Analysis of the properties of these proteins estaWidied 
that these indeed possessed the functional properties expected from their design i.e- 
plasminogen activation ability as well as fibrin selectivity. They aliso displayed ;the additional 
desired property of a very slow initial kinetics of PG activation, which, after a lag varying 
between 5-30 minutes^, depending on the construct, was overcome* leading to high rotes of PG 
activation comparable to native SK. 

The invention and its embodiments are illustrated by the foUowinjg examples, which should 
not be deemed to linait the scope of the invention in any manner. Various modifications that 
may be apparent to those skilled in the art arc deemed to fall within the scope of th^ invention 

1. General methods used in Examples. 

1. Recombinant DNA methods: In general* the methods and techniques af iDNA well 
known in the area of molecular biology were utilised. These are readily avi^lable fi'om 
several standard texts and protocol manuals pertaining to this field of the art; for example, 
Sambrook et al.. Molecular Cloning: A Laboratory Manual (Ipcl edition. Cold Spring 
Harbor Press, New York., 1989; McPherson, M. J., Quixkc, P., and Taylw, CR., IE4.] PGR: 
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A Practical ApproaSfi. TRL Press, Oxford., 1991). However, pertixiSRrdetails in the context of 
specific experiinenis describing the present invention, particularly ^^tere mt>difications were, 
introduced to established procedures, are indicated in the Examples ^^iietev^ relevant 

2. Casein-plasminogen overlay for detection of SK activity: bacterial colomes 
producing stipetokinase can be routinely detected by overlay of casein: and !bum^ 
plasminogen in soft agar (Malke^ H,, Ferretti, JJ., 1984, Proc. Natl, Aca. Sci. 81:3557), Tffi 
ml soft agarose mixture consisting of 0.8 % agarose, 10 % skimmed milk, approx. 200 ug of 
human plasminogen, 150 mM NaCl, and 50 mM Tris-CI (pH 8,0) is poured on top of the 
plates. The plates are incubated at 37 "^C for 2-6 h. Positive streptokinase activity is indicated 
by the appearance of zones of clearance around the colonies (halo formation). 

3. Zymography: proteins from total cell lysates are separated oh 10 %• SDS-PAGE. 
After completion of electrophoresis run, gel is washed with 2.5 % Triton X-lOO' to" remove 
any SDS, It is then thoroughly rinsed with standad bufiFer 0.05 M Trls CI (pH 7.5) for Triton 
X-lOO removal. The gel is laid on 0.6 % agarose plate containing 10 =% skimmed milk and 
0,5 mg/ml human plasminogen. After incubating at 37 °C for 2-3 h, an active SIC band is 
visualized as a clear band. 

4. SDS-PAGE analysis of proteins: SDS-PAGE is carried out, essentially according . 
to Laemmli, U.K., 1970, Nature 227:680 with minor modifications, as needed, briefly, 
protein samples are prepared by mixing with an equal volume of the.2X sample buffer (0,1 M 
Tris CI, pH 6.8; 6 % SDS; 30 % glycerol; 15 % bcta-rhercaptocthanpl and 0.0i% 
Bromophenol Blue dye). Prior to loading onto the gel, the samples, aire heated, in a iboiliiig 
water bath for 5 min. The discontinuous gel system usiaally has 5 % {acsrylamide conix) in the 
stacking and 10 % Ln the resolving gel. Electrophoresis is carried oiit using Laenimli buffiBr 
at a constant current of 15 mA first, till the samples enter the gel and then 30 mA till the 
completion. On completion of electrophoresis, gel is immersed in 0.1% coomasie Blue R250 
in methanol: acetic acid: water (4:1:5) v^th gentle shaking and is then destained in destainiiig 
solution (20 % methanol and 10 % glacial acetic acid) till the backgroimd becomes clear. 

5. Imrouno-assay of Western blotted proteins: Western blotting of the proteins from 
E. coli carrying plasmid encloded intracellular streptokinase is carried as. detailed <Towbin, 
H., Stachelin, T., Gordon, T., 1979, Proc. Natl Acad. Sci. 76: 4350). The cultures are grown 
to 600 nm of 0.5-0.6, and are induced with 1-5 mM IPTG. The cells arc centrifiagcd. The 
pellet is resuspended in cell lysis buffer and the supernatant obtained after high-speed 
centrifugation. Th se fractions are resolved on the 10 % SDS-PAGE. The gel is equilibrated 
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with the transfer ccU buffer (25 mM Tris, 175 mM glycine in 20 % methanol) and is blotted 
ekctrophorctically on to the nilxocellulose membrane at 50 V for 3 h; The blot is bloclced 
wth 5 % skimmed milk (Difco) in PBS (Phosphate buffer saline) for 14-16 h ^it 4 X. the 
blot is further washed with 0.1 % Tween-20 in PBS, The blot is incubated With th^ toti-SK 
antibodies (raised against pure S, equisimiJis SK in rabbit) in 40 ml of PBS. conatining 5 % 
skimmed rn^lW for 3 h at room temperature with gentle shaking. The blot is washed: with Oil 
% Tween 20 in PBS three times for 15 minutes each. Again it is blocked with PBS-skimniod 
milk for 15 min with gende shaking at- room-temperat^ 

peroxidase-conjugated goat anti-rabbit immunoglobulins at a dilution of 1:5000 in 20 ml of 
PBS-skimmed milk (5 %) for two 2 h at room tcmperawrc with gentle shaking. Thfc filter is 
again washed with 0.1% Tween 20 in PBS for three times (1 5 min each). The colour reaction 
for HRP-linked secondary antibodies is carried out by immersing the blot in 10 ml of reiactibii 
buffer solution having 10 mg of DAB (di-amino benzidine) and imidazole each. The reaciioD 
is terminated by washing with distilled water. 

6. Streptokinase assay using chromogenic peptide substirato: plasminogen activatar 
activity of streptokinase is assayed according to Jackson, K.W., EBmoii, N., Tang, T., 1981, 
Methods in EnzymoJogy 80: 387. One hundred ul of appropriately diliited streptdfcih^se 
samples, 25 ul of sample buffer (0.15 M Tris-Cl buffer, pH 7,5) and 15 ul.iof huniari 
plasminogen solution (0.5 mg/ml in 0.05 M Tris-Cl, pH 7.5) are mixed together. The tubos 
are incubated at 37 ''C for 15 min. after whichlS ul of NaCl (1.77M in 0.0J32 M Tris-Cl, pH 
7.5) is added. The amount of plasmin generated in the first stage is measured by further 
addition of 12 ul of plasmin-specific chromogenic substrate, Chromoizyme-PL (Boebrihger- 
Mannheim, Germany), 5 mg/ml in water, and the tubes axe again incubated at 37 for 10 
min. After this incubation, 0.4 ml acetic acid (0,2 M) is added to terminate the reaction. Tlie 
release of yellow-colored 4-nitroaniline is monitored at 405 nm spectrophotonaeterically* 
Appropriate dilutions of S, equisimilis streptokinase obtained from WHO, Hertfordshire., U.K» 
is used as a reference standard for calibration of international uaiits in the imknown 
preparation. Protein concentration is estimated according to the method of Bradford, M.M., 
1976, Anal, Biochem, 72: 248) using BSA as a standard. Bradford's reagent (Bibrad Inc., 
USA) is utilized according to the manufacturer's instructions. For estimaing the 
concentration, protein-samples in phosphate buffer are made to 800 ul. To this, 200 ul 
Bradfor's reagent is added and is mixed thoroughly. The reaction is maintained at room 
Temperature for 5 min and absorbance at 595 nm is monitored. The specific activity for PG 
activation (I.UVmg protein) of an unknown preparation of SK or SK-FBD is thus detennined 
from th SK assay and protein estimation data. 



24- 



7. Fibrin clot assay for SK: This test is performed to d tennine the clot ly^ ability of 
any thrombolytic drug, such as streptokinase, urokinase or tissue pla$minogen activator, and 
is adapted from British Fharmacopia (19S0 edition). 

Reagents : (i) 100 mM citrate phosphate buifer, pH 7.1 containing 0.8;% BSA (referred to as 
buffer-l). (ii) Bovine fibrinogen (Cohn Fiaction-I, obtained from Sigma Chcmital Cb.^ =St. 
Louis, USA), 2.5 rag/ml prepared in buffer -1). (iii) Bovine thrombin (obtained from Sigma 
as a lyophilized powder). Stock solution of SK, 500 I.U./ml, prepared in sterile water -and 
- storcd-in aliquots of 50 uJ each at -70 **C. Before use, one aliqiaot is thawed and diluted to 50 
I.Uym] in buffer-1. (iv) Human plasminogen (Bochringer Maimheim, . Germiany) stock 
Img/mJ;! prepared in sterile water. Stored in aliquots of 100 ul each at -70 ^C: (y) Standard 
SK (from W.H.O., obtained from Dr. P.J. Gaffiiey, Division of Hajcmatology, Nj;B.S.e„ 
Blanche Lane, Pollers Bar, Hertfordshire, EN 6 3QG, U.K.)- The standard SK vial , is 
composed of 700 iniemfitiona] units of SK (in lyophilized form alpngwith stabilizers). A 
complete vial should be dissolved in 700 ul of sterile dist. water to obtain a cohcentrBtion of 
1000 I.U./ml. The dissolution should be carried out either at 4 or by keeping all tlic 
solutions on ice. The dissolved SK is then aliquoted into convenient $izes and stored at -70 
°C, Prior to carrying out clot lysis assay an aliquot of 1000 I.U./mi. (stock) is thawed and. 
diluted further in cold buffer-l on ice. Dilutions (A to D, below) are prepared serially in the 
following way using a new pipette tip for each transfer. 

A. 10 ul of stock + 990 ul of buffer-l « 10 LU./ml; 

B. 500ulofA + 500ulofbuffer-l-5 LU./ml. 

C. 500 ul of B + 500 ul of buffer-l «^ 2.5 LU./ml. 

D. 500 ul of C + 500 ul of buffer-l = 1.25 I.U.Anl. 

(All diludons are tempered at 37 °C prior to use in the clot test as arc the^other solutions to be 
used.) 

Two hundred ul of each dilution is used in the clot lysis reaction mixture. One unit of SK 
(present in 200 ul of SK dilution B) is just sufficient to lyse a standard fibrin , clot in 
approximately 5 min at 37 °C. 

Clot lysis test protocol: (a) Preparation of dot (negative control): During each step, the 
contents of the tube are gently mixed. 

Step 1 : add 450 ul of buffer -1 to a small glass tube (0.8 mm internal diameter). 
Step 2 ; add 50 ul of bovine thrombin (50 I.U./ml) solution to the tube. 
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Step 3 : add 100 ul of 1 mg/ml plasmin gen to the Boluti n in tube. 
Step 4 : add 400 oil of 2.5 mg/ml fibrinogen to the solution in rube. 

Immediately after step 4, the tub is kept at 37 in a water baih without shaking, A 
standard clot fonns within 30 -40 seconds. The I.U./ml in the unknown: is detennined m a 
similar manner after appropriate dilution. 

B) Clot lysis with thrombolytic agent (SK): When clot lysis, is to be performed ixiing. 
standard SK, all the steps i.e. 1, 2 and 3 are carried out as described: above^ except tihat at 
step L only 250 uL of buffer- 1 is added. Also, at step 4, 200 ul from the appropriate dilution 
of SK containing 1-2 imits (as described under Reagents, above) is premixed with 400 ul of 
fibrinogen solution in a separate eppendorf tube, and rapidly equilibrated to 37 in water 
bath. This mixture is then added to the clotting reaction at step 4, described above. The tube 
is then incubated as previously. A clot is formed in the same or lesser time as above, but is 
now followed by its lysis. The time for complete lysis is noted down using a stop watch. Hie 
time for lysis depends upon the amount of SK used in the mixture. Lysis time. by a particular 
unit of standard SK (i.e. lysis time of 5 min by 1 I.U. of SK) is t^en as a standard. The 
unknown preparation of SK should be diluted appropriately to obtain a lysis tiise of 
approximately 5 min, which can then be used to calculate the units of SK present in that 
unknown preparation. 

8. Kinetic assays for determining the HPG activation by SK or SX-FBI) cfalibei^ 

A one-stage assay method (Shi, G.Y., Chang, B.L, Chen, S.M, Wu, D;H; and Wu,:HiL., 
1994, Biocherru J, 304:235. Wu, H.L., Shi, G.Y.. and Bender, Ml.., 19%!, Proc: Nail Acad: 
ScL 84: 8292. Wohl, R.C., Summaria, L., and Robbins, K.C.. 1980, J. Biol Chem. 255:2003). 
was used to measure the activation of MPG by SK or SK-FBDs. Vary mg concentrations of 
either SK or SK-FBD chimeric protein (10 nM-200 nM) were added to 100 ul-volumc miax»- 
cuvette containing 1 uM of HPG in assay buffer (50 mM Tris-Cl buffer, pH 7.5, containing 
0.5 mM chromogenic substrate and 0.1 M NaCl). llie protein aliquotsi were atided after 
addition of all other components into the cuvette and bringing : the spectrophotometric 
absorbance to zero. The change in absorbance at 405 nm was then measured as a function of 
time in a Shimadzu UV-.160 model spectrophotometer 

9. Assay for determining the steady-state kinetic constants for HPG activator 
activity of SK and SK-FBD constructs: To determine the kinetic parameters for KPG 
activation, fixed amounts of SK or SK-FBD(4-5), 1 nM, were added to the aissay buffer 
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containing various concentrations of HPG (ranging froro 0.035 to 2.0 uM) in tbe iPO uL 
assay cuvette as desribed above. The change in absorbiance was then measured 
spcctrophotometrically at 405 nni for a period of 30-40 tnin at 22 TEe kinetic ps^mi ters 
for HPG activation weie then calculated from inverse, Michaelis-Menton, plots by standalrd 
methods (Wohl, R.C., Summaria, L., and Robbins, K.C., 1980, J. BioL Chemi 255:2005). 

10. Radioactive fibrin clot preparation: 50 uL ul of (2.5 mg/ml) cold fibrinogen was 
mixed with 50 ul (9 XIO^ cpm) of "^^^I- labeUed fibrinogen (specific activity 8 X 10^ 
cpm/ug of fibrinogen) and added to the mixture of 1.1 uM HfG and .0,25, imits of 
human/bovine thrombin in 0. 1 M citrate phosphate buffer, pH 7.5 containing 0.8. percent BSA 
in a total volume of 1 ml in a glass tube ( 1.3 X 12 cm). The clot was formed by iiicubating the 
mixture at 37 °C for 2 min. The clot was then washed thrice with 2 ml of TNT buffer. (50 :mM 
Tris-Cl buffer, pH 7.5, containing 38 mM NaCl and 0.01 percent twee;n-80) for 2 min at 37 
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**C. As required the non-radioactive fibrin clots were prepared by omitting l-labelled 
fibrinogen from the clotting mixture* 

11. Clot lysis in the presence of human plasma: I-fibrin cldt lysis was cairifid but 
in the presence of 2 ml citrated human plasma containing different concentrations of . either 
SK or SK-FN (ranging from 100 to 200 nM) at 37 '^C. The reaction tubes were rotated slowly 

at 37 and O.l ml aliquots were removed at regular intervals to measure the soluble 1- 
fibrin degradation products by measuring the amount of radioactivity released using a gamma 
counter. The total radioactivity of each clot was determined by measuring thio radioactivity of 
the respective tube before taking out any aliquots. 

12. Clot lysis in the presence of burnan. fibrinogen: ^^^I-fibrin clot lysis wia:si.aiso 
carried out in the presence of various concentrations of human fibrinogen (ranging fnmi I to 
A mg/ml) containing 100 nM of either SK or SK-FN. Clot lysis was also pcrfonncd iti the 
presence of fixed fibrinogen concentration (2 ing/ml) and different toncentrations of 'SK or 
SK-FBD protein construct (ranging from 50 to . 200 nM). The reactions were incubated at 37 

''C with gentle shaking and the release of ^^^I-fibrin degradation products as a fimctibn of 
time was measured as described previously. 

EXAMPLES 
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In order to express native-like, full-len^ S. equlsimilis ^;i9in H46A Streptblgoiase 
intracelliilarly in £. coli the SK-encoding pplyriucleotide block was -transferred firom the 
plasmid vector construct pJKD-55 by digestmg with Nco I and Sal I restrictioti ie^izynics 
(R.E.) \^iiich liberated the SK open-reading-framc (ORF). Plasmid pJKD^SS contained the 
streptokinase gene which was isolated from Streptococcus sp. (AT GC j2449), alpo referred 
to conventionally in the scientific litCTature as S. equisimilis strain H46a; by. known 
procedtires earlier reported for the molecular cloning of SK gene, and its expression in 
heterologous hosts such as £. coli (Malke, H. and Ferretti, J. J., iS>84; Proc. Nta'l Aoad. Sci. 
81: 3557; Pratap, J., Kaur, J., Rajamohan, G„ Singh, D., and Dikshit, KX., 1996; Biochem. 
Biophys. Res. Commun. 227: 303). The latter publication dcsribbs the procedure^ by which 
the SK gene was cloned in coli plasmids, such as pJKD-S and pJiCD-55 used bcrdn ; (see 
below). 

The DNA segment liberated from pJKD-55 by R.E. digestion was then clonfed-inlo plaismid 
pET-23(d) (see Fig. 8 for map of this plasmid) which had also been treated with the same 
enzymes (Nco I and Sal I) to obtain cohesive ends compatible with those of the SK g^ne ^see 
Fig. 9 for the scheme used for this purpose). This vector contained an initiation codon in- 
frame with the Nco I site of pET-23{d), Upon ligation, the SK open-reading-frame could be 
recreated, but one modified ai the N-tenninal end, together with an .additional ATG M thp 5! 
end emanating from the re-formed Nco I site; 

The construction of pET23(d)-SK was carried out as follows. Approx* 3 /ug ieach of 
pET23(d) and pJKD-55 plasmid DNAs were digested (separately) with .20 tmits:eacb'Qf Sal I 
(37 "^C for 6 h), followed by 15 units each of Nco I in 20 ul reactionis at 37 **C for 10:h. AAier 
stopping the reactions by heat treatment (65 "C, 10 min)» followed by pbeiiol^hlbroform 
extraction and etbanol precipitation of the DNA, the digests were nm electropliu>retiicaIly on 
a 1.2 % agarose gel to isolate the needed DNA fragments i.e. insert, carrying ..the SK gene 
from pJKD-55, and the linearized vector pET23(d) [see Fig. 9], The respective fragments 
were purified from the gels using the Prep-A*Gene DNA purification kit of BioRad Inc., CA, 
USA. The insert and double-digested, linearized vector DNAs were then ligated at an; approx*. 
3:1 molar ratio (-350 ng of vector and 400 ng of the insert liberated ftom.pJKp-55);m a 20- 
uL reaction using standard ligation conditions at 16 **C for 12 h. After tins dixratioriii the ligase 
heat inactivated (60 IS mm) and one-fiflh of the ligation reaction was d&ectiy used to 
transform £. coli XL-Blue electrocompetent cells using the foliovyirig electroporation 
conditions with 2 mm internal diameter electroporation cuvettes (obtained from BioRad Inc., 
Richmond, CA, USA): voltage, 2.5 KV; resistance, 200 Ohms, and capacitance 2!5: liF. Six 
transformants were picked up from Amp-LB plates on ^^ch the triinsfbrmed cells wore 
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plated at various dilutions. Individual colonies were inoculated imp 10 ml LB-Amp media 
to prepare plasmid DNA by standard methods. Tte isolated plasmids were dhen screened 
electrophoretically on the basis of molecular size to identify Ihe positive clone/s. AU six 
clones were positive by this criterion. In order to express fuU-lengtb SK contjiiiiing all of the 
amino acid residues of mature S. equUimilis SK (Fig. 3), the nalive N-!tei^inal was-, 
repaired using a synthetic "cassette" approach (refer to Fig, 10 for the scbemb followed for 
the repair of the SK gene). The portion of the repaired SK gene at the 5' end in pET2J(d)?K 
was obtained through PGR using the primers RG^ and-RG-7 with the-foUdwing sequence 
and target specificity. 
RG-7 (fonvard primer) 

5*-ATT GCT GGA CCT GAG TGG CT-3' 

{specific for the first seven codons of the SK gene; Cf Fig. 11) 

RG-6 (reverse primer) 



5'-TGG TTT TGA TTT TGG ACT-3' 
(specific for codons 57-62 of SK gene) 

The PGR was carried out using as the template, plasmid pSKMG-466/ which cental 
DNA sequences coding for full-length native SK of Streptococcus ep. (ATCiC 12449), also 
referred to as S. equisimilis H46A as described earlier. Tliis plaainid was consmicted by. 
cloning the Nco I-Sal I fi-agment oblamed fi-om pJKD-S5 followed by T4 DNA polymerase- 
catalyzed fill-in of the two ends (to obtain blunt ends) and cloning at the Ecp RV: site of 
plasmid BlueScript KS" (StiBtagene Inc., Wl, USA). The two PGR primers were dcBipied to" 
amplify the N-terminal portion of the native SK gene upto a utiiqtic restriction site in. the 
gene which could be utilized for recloning the amplified PGR product back into pET23(d)- 
SK for expression of protein. Moreover, the 5* end of the RG-7 primer started vrith ATT, 
coding for He, the first residue of the mature SK-encoding DNA (or gene), so that the PCH- 
amplified SK-encoding polynucleotide DNA segment could dock ih-frame with the 
nucleotides ATG, formed at the Ncol-cut and refilled end of the expresaon vector, thus 
juxtaposing the initiation codon in-liame for the repaired SK ORF. The following. PGR 
conditions were used for the amplification reaction (100 uL total): approx. 10 ng pSKMG- 
400 as template, 20 pmol each of the RG-6 and RG-7 primers, 1 ul (2.5 units) of pfU DNA 
polymerase (Stratagene Inc.). 200 laM of each dNTPs, 10 uL of the standard buffer (10 X 
cone, provided by the Stratagene Inc.). The following cycling parameter weire used: 'hot 
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starf for 5 minuics at 92 ''C, denaturation at 92 for 1 min, annoaling at 50 *»C for; I min ajid 
extension at 72 ^^C for 1 inin, A total number of 30 cycles, and a fiiirf extter^ 
72 ""C for allowing the completion of any of the incomplete arnplified prtxiuots, were 
provided. The PGR showed a single band of 160 bp as evidenced by ekctrippjiiiresis on ^ 
1.2 % agarose gel. For cloning the PGR product into pET23(d>-Sk. vecitor, ai^lrdx. ID Ug 
pET23(d>SK vector was digested with 25 units of Ncol restriction eniymc in a 100 ill 
reaction using the buffer (NEB-4) suppUed by New England Biolabs, lnc;i and by 
iiicubating at 37 °G for 6 h~Thc completion of Ncol digestion was ciheckcd Ib^cjlng S ul of 
the reaction mixture on a 0,7% agarose gel. After confirmmg the digestion, tbe Ncol site was 
filled-in (i.e. made blunt ended) using T4 DNA polymerase in the presence of aU foxff dNTPs 
in a 85-uI reaction as follows. Seventy five ul of above-mentioned Nco I .digestipn mixture 
was supplemented with 4 ul DTT (lOO mM stock), 4 ul dNTP's from a dNTP stock (2 inM), 
and 2000 Weiss units of T4 DNA polymerase. The reaction wa$ incubfliled at 37 X for I h 
after which it was slopped by adding EDTA (10 mM final cone.) and heating at 75 °C for 10 . 
min. The DNA was then cthanol-precipitated. The precipitated DNA was dissolved in 40. ul 
TE and was digested vvith Afl n restriction enzyme in a 60*ul reaction at appropriate reaction * 
conditions as recommended by the supplier. Separately, 40 ul of the PGRfarofplified DNA 
reaction, prepared using pSKMG-400 vector as substrate to supplement the deleted poition 
of the SK gene, was also digested with Afl U restriction en2ymei followed by mnmng oh 
low melting agarose gel (1 %) to separate the vector and insert DNA pieces; [the insert 
contained a blunt end, and an Afl Il-site compatible cohesive terminus at the dtheir end^ thus 
making it suitable for facile ligation with the vector, which had been siimlarly treated with 
Nco 1, followed by a fill-m reaction with T4 DNA polymerase, to obtain, a bhmt end. 
followed by a digestion with Afl II]. The required pieces of DNA were isolated from the 
electrophoresis gels as small agar blocks after visualization under traxis-illuminated ifV 
radiation, and were purified fit^m the agarose by beta-agarase en2yme; Onfe miit of beta- 
agarase per 100 ul of agarose gel approximately in the IX beta-agiaroso buffer CNtiw England 
Biolabs Inc) was employed to digest the agarose and to purify the DNA according to. the 
protocol recommended by the si^plier (New England Biolabs Int., USA).. : The purified 
DNAs were quanfitated and vector and insert were ligated in a 1:5 molar riatio in a 20 ul 
reaction, carried out at 16 °C for approx. 18 h. For the ligation reaction, 2 ul of 10 x ligase 
buffer, lul of 10 mM rATP stock, and 2000 Weiss units of T4 DNA ligase were used- The 
DNA fi-om the ligation mixture was precipitated with n-butanol,. ahd used, directly to 
transform electrocompeteni E. coli XL-Blue cells. The transformation mixture was plated on 
LB-Amp plates. The positive clones (repaired pET23(d)-SK) were screened fit>m the wild-, 
type background on the basis of Nco I digestion (the insertion of the PGR amplifi^ segment 
in the vector would result in the loss of the Nco I site). Two of the clones (pETjSK-NTRN, 
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for 'N-tenninally r paired, native') obtained after this screening were fvratt confirmed using 
Sanger's method of nucleotide sequencing; which showed compleie tldiellty with the known 
full-length native sequence of the iS". equisimilis SK -encoding DNA (Ct Fig^ U) exciept thic 
presence of an extra ATG codon at the 5**end of th ORF, and no mutartion/alto^tioxi ..at tf» 
upstream promoter regions or downstream sequences in the plasniid could t^ ohscryed* 
DNA from these confirmed clones were then transformed into £. coU fii>-21 strain,, and 
expression of intracellular SK in liquid culture was examined after . induct! on . wiilh D!^^ 
according to the protocol described earlier, essentially by analyses of : celHysates dn SDSr 
PAGE, However, no band corresponding to. standard SK was visible, on SDS-PAGE. The 
possibility of the presence of low levels of SK was then checked by Western :31ottiiig 
analysis of the lysates as it is a more sensitive method wiien compared to .a direct 
examination of the SDS-PAGE gels by Coomassie staining. In this case; indeed^ ^ ^ fi^ht band 
corresponding to the position of standard SK on the Western blots could be clearly discerned^ 
which showed that the levels of expression of the native SK gene wa:s poar< 

The possibility that the sequences in the native SK-encoding DNA .pbtynucj^otide bloc^ 
coxresponding to the N-tenninal residues could be forming strong secondary strUcturc/s in 
the encoded inRNA transcripts that might be hindering the expression was examined 
through computer-assisted analysis using the program DNASIS ^(version 5.0), This 
^ unambiguously demonstrated thai the potential for forming highly stable secondary structure 
by the N-terminal end of the SK gene was appreciably strong (free energy approximately - 
10 Kcal/mol; see Fig. 12A)!^anslationally silent mutagenesis of the. gei»£ at its 5* end was 
then carried out to disn^t and/or reduce this secondary strucnire by replacement of GC rich 
codons (that are more likely to promote secbndaiy structure^formiition' in the mRNA 
transcript) with AT-rich codons, wherever possibleTj Through this procedure sev^:^ 
sequence/s« altered specifically at the S'^nd and possessing lowered stability C*^ to ^^5 
Kcal/mol) as compared to that of the native sequence^ were obtained. One of these 
sequences, that resulted in maximal descabilisation of structure-forzning' potential, 'to approxt. ^ 
5 Kcal/mole (Fig. 12B), was chosen for the expression studies. 

The preparation of an expression vector containing a fuU-lehgth, inative $iKr^ncoding 
polynucleotide segment but one with a modified (i.e. non-native) DNA sequence at its S*-«nd 
with less structure-forming potential was carried out as shown scherbatidally in Fig. 13 lising 
a combination of synthetic DNA cassette incorporation and PCR^based strategy. The 
alternate sequence to be incorporated at 5 '-end of the SK gene was provided through two 
homologous synthetic oligonucleotides (SC-I and SC-II, complementaiy to each. other excpt 
for ov rfaangs at the end), whose sequence is shown below. Also indi pted in bold type arc 
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the altered nucleotides which resulted in a lowering of structure fonfling pctenlial in the 5'- 
end of the SK gene. 



5' ^ ATG A TA GCT GGT CCT G AA TOG CTA CTA GAT CGX CXTTlTCl^ GTA;; 
AACAGCC-3' 

"(Partial Ncor site) ~ ' 

scfl ■ " • ; 

5' -AA TTG GCT GTT ATT TAC AGA AGO ACG ATC TAG TAG CCA TTG ApG iACC 
AGCTAT-3* 
(Partial Mfo I site) 

These carried two new restriction sites (Ncbl and Mfel), introduced by silent iniitagi^ 
using the computer program GMAP (Cf. Raghava and Sahni,. 1994:,; Bib!^eehijigues 16: 
1116-1123) without altering the amino acid sequence encoded by "diiis sepntilt: of DI4A so 
as to facilitate the cloning of the repaired SK-encoding DNA into the . expxe9sioxi ycctor, 
pET23(d)-SK (see Fig. 13 for the overall cloning scheme for reconstructioniof this N-tenninal 
region of 5. equisimilis SK-encoding DNA). The alterations were carried oitt in two stages^ as 
depicted scheioatically in Fig. 14. In Stage I, a translationally silent restriction Bite.(Mfe I) 
was engineered close to the N-terminal end of the SK gene (overiapping opddn nuinbers 17* 
and 18 in the native SK sequence; sec Fig, 3) since no unique site close to thti N^tezminal end. 
was available for incorporating a synthetic DNA piece for purx>oses of altetiivgithisTiegioQ in 
the plasmid. An upstream PCR primer (termed TVlfe I piimer*) incorporating this potential 
Mfe I site (underlined in the sequence of the primer) was synthesize with the fbllbijving 
sequence. 



Mfe I primer: S'-C-AGC-CAAiIIfrGTT-OTT-AGC-GTT-GCT-T: 

A synthetic oligonucleotide containing an Afl II site (tennedRG^, ' which has' been * 
described before) was used as the downstream primer. 

These two primers were utilized for the amplification of the SK sequenced encoding the N- 
tenninal region using pfii DNA polymerase. The following reaction conditipnis and- cycling 
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parameters were used. Pfu polymerase buffer (Stotgene Inc.), 200 uM each of the dNTFs. 
Mfel and RG-6 prim rs: 20 pmol each, pET23(d)-SK vector as template. (2 tig), Pfu 
polymerase 1 ul (2.5 units), total reaction volume 100 ul. A Tiot startf Avas giwn^or S itm^t 
95 X, foUow d by dcnaturation for 1 min at 95 annealing for I min at- 45 . °G, and 
extension for 1 min at 72 **C. A final extension at 72 for 10 min was also inconJOratedin 
the progTBm. As expected from theoretical considerations, a 141-bp long SK re^bn was 
amplified- The PGR prtDduct was phenol-chloroform purified and precipiUited using • 
isopropanol after adjusting the salt concentration to 0.3 M with 3= M NaOAC: The 
precipitated product was dissolved in 25 ul sterile dist. water and kinased in a 30-ul nsaciion, 
after adding 3 ul Multicore buffer (Promega Inc., WI, USA), Jul (10 units) of T4 PNK 
(Promega) and lul rATP (10 mM stock), llie reaction mixture was incubated at.37 °C for 2 
h and then stopped by heat-inactivating at 65 for 20 min, and the DNA purified using.: 
phenol-chlorofonn and precipitated with 2 volumes of isopropanoL The pBluescript it KS(-) 
vector was digested with EcoRV resmction enzyme and then dephosphoiylated using CIAP 
using a standard protocol. Both the kinased PGR product and depborphorylaled pBMscript 
n vector were quantitated by A260 measurements in a 100-uL cuvette, and ti» vector and 
insert DNAs were ligatcd in 1:10 molar ratio of vector: insert by taking 590 ng veelcar and 
280 ng insert in a 20 ul reaction after adding apjpropriate amount of ligase eniqmie (apprbx. 
500 Weiss \inits) and ligase buffer containing rATP. The ligation reaction was inciib^d^ 
16 overnight. The ligation mixture was heat inactivated (65 **C, 30 min)^ the VNA was 
butanol-precipitated, and approx. one-fifth elcctroporated into E, eoli XL-Blue 
electrocompetent cells. The transformanls were screened by plating them on LB-Amp plates. 
Ten transformants were picked up and inoculated for minipreparation of plasmid DNA; The 
minipreps were then digested with Mfel and Aflll enzymes sequentially to identify the 
positive clones containing the 141 bp insert. Umnodified pBluescript was kept as control. 
All the transformants were found to be positive by this criterion. This construct was. liabelled 
as p(MfeI-A£lII)-SK. 

Stage-n: The oligos SC-I and SC-U in equimblax amounts (approx, 270 ng each) in 25 uL 
were annealed by cooling their mixture firqm 80 ''C to room temperature slowly. 
Approximately 5 ug of pET 23(d)SK and 10 ug p(MfeI.AniD-SK vectors were ^iigest?d with 
Afl U/Nco I and Mfel/Aflll, respectively, for vector and insert preparations. Twtmty five 
units each of Mfel and Aflll were used for vector prepartion and 50 imits were used for 
insert preparation. The enzymes were added in two shots of 12.5 units and 25 units in each, of 
the reactions. The pET23{d)-SK vector was digested in a 60ul reaction, and p(MfeIrAfln)SK 
was digested in a 100-ul reacti n. The pET23(d)-SK digestion mixture was run on a. 1% low 
melting agarose gel for vector preparation and th p(Mfel-Aflll) SK digestion mixture Was 
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run on B 2 % agarose gel for isolating the 115 bp insert. Both the vectors and insert bands, 
were cut out from the agarose gel and were purified using beta-agarase.and quantitated.: 
Then, a mixtur of Nco I and Afl H digested pET23(d).SK vector, annealed SC-I a^ SC-H' 
oligos, and Mfe I-Afl U insert of p(Mfe I-Afl II)-SK vector were Ugated ill a 3-piete:Ugatipn' 
reaction in a 1:7:5 molar ratio in a 20 ul reaction <sec Fig. 13). In the actual reaction, approx, 
660 ng of the vector, 92 ng of the insert and 60 ng of the annealed oligos -were taken* The. . 
mixture was ligated by adding 2000 Weiss units of ligasc into the reaction. The reaction was 
incubated at 16 "^C overnight. The ligation mixture was n-bulanol-precipitated, cfried, 
redissolved in 10 uL TE and approx. onc-thirci used to transform coli XLrl Blue:, 
electrocompetent cells. The transformants were screened on LBrAmp plates, Ten: 
transfonnants were picked and inoculated for preparation of minipreps: All the miriipreps : 
alongwith pET23(d)- SK as control were digested with Nco I enzyme to search.. for the . 
positive clones. Only one clone, as weU as pET23(d)-SK, gave digestion with Nw I which; = 
indicated that the remaining 9 clones were positive for the desireid c.onstnict. Qxie .of tiie 
clones was then completely sequenced by automated DNA sequencing using Saager!s 
dideoxy method, which showed that the N-terminal region was now iull-length i^e. ;encbded 
the native SK sequence plus a N-terminal methionine, containing exactly the sequence 
expected on the basis of the designed primers, SCJ and SC-II with the altered codoins at th^ 
5' end compatible with potential for secondary structure reduction, in the; mRNA^ 
traiiscripts(see Fig. 14). In addition, the DNA sequencing established that ^o other mutatiori- 
was inadvertantly introduced in the SK ORF in during the reconstruction protocol, . This : 
plasmid vecior^construct, termed as pET23(d) SK-NTR (N-terminally rjecbhstructed) has' 
been deposited in the Microbial Type Culture Collection, Chandigarh, India (MTCC>: with the 
accession No. BPL 0017. The plasmid DNA from this clone was then transformed into coli 
BL-21 DE3 strain for expression studies. The E. coli BL-21 cells Were: grown in liquid, 
culture and induced with 2 mM IPTG at an ODsOO of -0,6 for the induction of SK, as 
detailed earlier. The cells were then pelleted by ccntrifugation and lyscd. in SDS-PAGE 
sample buffer and analysed electrophoretically by SDS-PAOE on 10 % acryiamide gel. It 
was observed that the level of SK (47 kD band) was approx, 25-30 percent of the total 
soluble proteins, a substantial increase compared to the very low expression^ observed* in the. 
case of the construct with the native N-terminus (pET 23(d)-SK-NTRN). 

Example 2. Harvesting of intracellularly expressed SK from colU purification of SR 
protein, and characterisation of highly pure and biologically active SK. 

Glycerol stocks of £. coli BL-21 strain harbouring plasmid pET23(d)SK-NTR, nmintained at' 
-70 C, were used to prepare a seed culture by inoculating freshly thawed jglycerol stock' 
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(approx. 100 uL) into 100 ml of LB m dium (iti a 500 ml conical flask); cbntaining .SO ug/ml 
of ampicillin. The flask was incubated at 37 with shaking on e rbtiiy fihakei.at 200 T.p,m. 
for 16 h. This culture was used to seed four 2 L Erlenmeyer flasks eacji containing SQO ml of 
th same medium (LB-Amp) using 5 % (v/v) of inoculum. The flasks Were incubat^:at 37 •'C 
with shaking (200 r.pjn.) for a duration tiU the absorbance at 600 nm had reached 0,5-0.6 
(«2 h after inoculation). At this time, CPTG was added to the cultures to. a final cone, of 2 mM 
and incubation, as before, continued for a further 3 h. The cultures were then chilled on ice 
and processed for the next step immediately. The ceUs from the : culture media were 
harvested by spinning them down by centrifugatian at 6000 x g in a CiS-S rotor (Sorvall) for. 
30 min at 4 '^C. The supernatanls were discarded and the cbrobihed cellrpellets carefully 
resuspended by vortcxing in 65 ml of lysis buffer containing a chaotropic agent for effecting 
release of the ceUular contents. The composition of the cell lysis buffer was. as follows :(final 
concentrations are given): 6 M guanidine hydrochloride and 20 mM sodium phosphate buffer, 
PH7.2, 

The £. coll cell suspension was shaken gendy on a rotary shakcr at 4 **C for l:ii:tp«ffect 
complete cell lysis. The lysate was then subjected to cenirifugation.at 4 X for I S min at 9000 
r.p.m. The clear supernatant (containing approx. 300 mg total protein, as deterroineid by the 
Bradford method) was then processed further, as follows (all isubsequent stisps were 
conducted at 4 ^C, and all buffers and other solutions used were also inaihtairicd al ^ "C). The 
supernatant was diluted 6-fold in which the cone, of Gdn.HCl was 1 M; simultaneously, 
aliquots of a stock solution (0.5 M) of sodium phosphate buffer, pH 7 ,2, and NaCl" (stock 
cone. 5 M) were added to obtain 20 mM and 0.5 M with respect to sodium phosphate and 
NaCU respectively, in the diluted cell lysate supernatant (final volume 200 ml ). The mixture 
was gently swirled for a few minutes, and then loaded onto a 100 ml bed volume (4 cm 
internal diameter) axial glass column for hydrophobic interaction chromatography fHIC) on 
phenyl-agarose-6 XL (AfBnity Chromatography Ltd., Isle of Man, UIK.) coupled with an 
automated liquid chromatography work-station (model Biocad Sprint, Perseptive Bioaystems, 
MA, USA) capable of continuous monitoring of effluents at two wavelengths simuUarieously, 
and fonnation of predefined gradients for elutioh. The column was prc-cquilibratedwith O.S 
M NaCl in 20 mM sodium phosphate buffer, pH 7.2 (running buffer) onto ^ch the 
bacterial cell lysaxc was loaded at a flow rate of 85 rol/h. The flow-through was' collected, and 
the column washed with running buffer (400 ml total) at the same flow rate, foDowediby the 
same volume of running buffer devoid of NaCl ( washing steps), the SK was then ciutcd with 
dist. water (pH 7.0) at a slower flow rate (35 ml/h). All the effltjents were collected in 
fractions (25 ml each) and the SK activity as well as protein content in each fraction w^ 
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cktemimed. VirtuaUy aU of the loaded SK activity was found to binTto the coluiim, le?? than 
5 0/, of the total activity being found in the flow-through and washings. Approxhnatcly 85-90 
o/o of the loaded SK activity was recovered at the dist. water elution step, SDS^fAGE 
aixalysis showed the pr sence of a predominant band of 47 kD migrating alongwiiii Wive 
SK (purified &cm S. equisimilu H46A) run as standard. The SDS-PAGE as well as tlie 
activity analysis showed the SK to be 85-90 % pure at this stage whw compared = to- the 
unpurified cell Jysaie, The SK in the dist. water elute was then m^de 20 riiM ih sbdluin 
phosphate, pH 7.2 (running bufi-er) and loaded at a flow rate of approximately 300 isl^i onto 
DEAE-Sephaiasc Fast Flow (Pharmacia, Uppsala, Sweden) packed in a 1.6 f 20 <^ axial 
glass column prc-equilibrated with the running buffer. The column then washed wth 200 
ml of the same bufifer, foUowing which it was developed with: a NaCl gradient <04),6^^^ 
running buffer (pH 7.2). AU eluates fiom the column were saved with. ^ .BUtomate^;f^^ 
collector. Tcn-ml fi^actions were coUected, and SK activity as well ap jprotcin Avas cstiineted iH 
each. Aliquots from each fraction were also analysed by SDS-PAGE to examine thi^>dativc 
purity of the eluted protein. The flow-through and washings were essentially devoid oiF SK 
activity, but approximately 80-85 % of the loaded SK activity eli^ at around 0.35 NaCi 
in the gradient as a single symmetrical peak (containing a total of 42 mg |jrotah). The 
specific activity of this protein was 1.1 x 10^ I.UVmg. On SDS-PAGE, it showcdr^: single 
band co-migrating with standard naniral S, equisimilis SK. A densitometric analysis: of the 
SDS-PAGE gels revealed that the backgroimd protein/s in the final purified SK repr??S6nte4 
less than 2 % of the total Coommassie stainable content. The overall SK recoveiy with the . 
purification process was found to be approx. 65 percent. 

The purified recombinant SK expressed in jF. cdli was characterizeci phyBico-chciiii?|ally by 
several other criteria in order to compare it with natural SK. By the clot lysis prooedure, it 
showed a specific activity of 105,000 lU/mg, under conditions where natural SK .frpiri S. 
equisimilis strriin H46A was found to have a specific activity of 110,000 TU/ing protein* 
Upon reverse phase high performance liquid chromatography (RP^HPLC) oil C-18 cohmms, 
both SK types were indistinguishable, showing the presence of a single symmctricklpieak at 
the same position when eluted with a gradient of gradually increasing ACN concentration. 
By UV spectroscopy, the recombinant SK was found to be identical to the natural SK. TheN- 
terminal amino acid sequence of rSK was found to be identical with that of nutiiral SK, 
except for the presence of an extra methionine residue at the N-tertninus (the sequencing was 
carried out for 25 cycles). 
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Example 3. 

Construction of a hybrid DNA polynucleotide between SK -encoding ON A ^ fibrinbihding 
domains 4 and 5 encoding DNA of human fibroncctin, its e?q)ression in E. coli; oxidative 
refolding, and purification of biologically active chimeric protein. 

The scheme followed for the construction and expression of !a chimeric (hybrid) 
polynucleotide DNA block formed between the DNA encoding for residue^ 1 to 383 <»f;SK 
—followed by in-frame joining to the DNA coding for the FBD 4-and 5 of human fibronectin is 
shown in Fig. 16, A short linker DNA segment, coding for 3 glycine residues, in tandem, 
between the two polynucleotide -segments was incorporated into the design <termcd 
'intergenic sequence') (see Fig. 15) so as to provide flexibility to the expriebsed chimeric 
polypeptide product. In addition, a new terminator codon was introduced at the end of the 
FBD(4,5) DNA so that the hybrid ORF encoded for a polypeptide ending alter the two 
FBDs. Thus, the design essentially had the following configuration: SK [residues l-383Hgly- 
g|y_gjy).[FBD(4,5)], In addition, a transglutaminase recognition site was also.ei^ineered in 
the gene-<lesign directly after the intergenic sequence so that the expressed, hybrid i^tdn 
could become covalcntly cross-linked to the fibrin strands of the clot (Fig- IS). A two-stage 
PCR-based experimental strategy (Fig* 16) was employed to construct flife hybrid 
polynucleotide. A polynucleotide -block containing the sequence Coding for domadns 4. and 5 
was first selectively amplified using the plasmid pFHMG-60 dis template* /The latter 
contained the DNA encoding for all five human FBDs (Fig. 1 6), This amj^lification reaction 
(PCR-I) was carried out with specifically designed forward and reverse priniers witti the 
following sequences. 
Forward primer (MY 1 3): 

5 -CCG GAATTC GCG CAA CAG ATT GTA CCC ATA OCT GAG AAG TGT TIT GA-S' 

Eco Rl Transglutaminase- hybridizes to upstream FBD(4!,5) sequences 

recogniticRi sequence 

Reverse primer fMY lAY. 

5'-GGC cttaag agc GCT CTA ACG aac atc ggt gaa ggg gcq tct A-r 

*clamp' Afl II Eco 47 III stop hybridizes to downstream FBD(4,5) scq[uoncM 

codoD 

Note:- In the above primer sequences, the 5'- ncwi-hybridising sequences (bold) as.well as the 
hybridizing ones, towards the 3**ends of the primers that are complementary to. selected 
segments of fibronectin FBD(4,5)-encodiiig DNA sequences arc showp. In the 5'^non- 
hybridizing ends were also incorporated new R. E. sites by 'silenf mutagenesis, a 
transgIutamina5e(TG)-encoding site and/or stop codon sequences, as indicated above 
(underlined). The start of the hybridizing sequences in primer MY-IS correspond to the 
begining of the sense strand sequence of FBD(4,5), namely residue ISO. onwards (rejfer to 
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Fifi. 6 for the amino Bcid and DNA sequences of the fibrm JomaMjs of h 

fiWectiB). In case of primer MY-14. Ae be^ of the hybnd^: S^qjuwic^ («gsen»=). 
coTspond exactly to the codon for residue. 259 of human fibronectoi (€£ ^ig; 6). The 
•clamp^cncntioned in the figure refers to the Xlra nucleotides added at the 5' end: of a-pnmer 
to feTilitate the digestion at the nearby ILE. site which, otherwise, is poorly digested >^ 
present at or near the end of a DNA fragment generated by PCR. 

As described above, the forward primer contained a segment at ^ its 3; end that was 
homologous with the 5' end of the DNA encoding for the FBD(4,5): sje^juences, and also 
contained a 5' (nonhybridizing) segment that encoded for a TG-recognitibn site as weU as 
RE sites to facilitate the cloning of the PCR product in a plasmid vectbr. This plasmid, 
containing the FBD(4,5) gene-block and additional 5' sequences was. then, csmploy^ as 
template for a second PCR (PCR-U) using a set of primers (RG-3 and MY -14). Priipcr RO-3 
was designed so as to contain the other desired elements of the interfiiemic segment vix:, the 
codons for the gly-gly-gly residues, as well as those encoding for a small segment of SK 
(sec fig. 15 And 16) directly after a unique R.E. site (Bsm T) present namraUy in the C- 
terminal region of the native SK ORF (approximately overlapping the codona 377 and 378 of 
the S, equisimiJis SK open-reading-frame; Cf. Fig. 3 and4). This site was chosen as the 
common, junction-point between the two polynucleotide blocks (i;e.= SK and TBD) to be 
integrated AdditionaUy. unique restriction sites flankuig the intergenic (i.e. iii and around 
the -gly-gly-gly-) sequences were also designed into the upstream primer througji 
translationally silent mutagenesis that could be exploiteid to siibstin^tc Alternate 
oligonucleotide cassettes at the intergenic region of the hybrid polynucleotide that would 
provide altered flexibility and/or rigidity characteristicB in the. expressed polypeptide 
different from that provided by the (gly)3 linker (Cf. Fig. 15). 

The sequence of primer RG-3 is given below highlighting features inbiaTpprated in its dedgn 
(bold letters denote non-hybridizing segments towards the 5'-cnd of the primer to distinguish 
these from the sequence complementary with respect to template DNA). 

y- CAATGCT AGCTAC CATTTAGCT nfZJ OGT aGC CAG GCG CAA CaG ATT GTA CCC-y 

Bsm I BstX Xcml Ball segmoit hybridiztng: with «ttc 

(hybridize* to SK gmc at 5»-«id pf DN A block fifom PCR4 

codons 376- 383) C-gly-gly-gly'") at the TO r^gnition rite 



The amplified DNA obtained from PCR-II using primers RG-3 and MY'r 14 w^ treated^ with 
Bsm I to "dock" it at the Bsm I site in the SK ORF in vector pSKMG4dO at; one end. and 
with Eco 47 in (wiiich produces bl\mt-ends) to fiacilitate blunt-«nd cloning at the filled-in 
Bam HI site present after the SK opcn-rcading-frame (ORF) in the plasmid vector (Fig. 16), 




The foUowing r action conditions and PCR paramctcre w re used, ?CM (fiiiu; reactitm 
conditions in a 100-uL reaction); 20 pmol of each of the MY-IS aiul MY- 14 primers, 
pFHMG.60 vector as template (1 ng), 200 uM each of the dNTP's. Pfu polymerase l ul (2.5 
units). Pfu polymerase was add d at 94 "^C i.e. a hot start for 5 min was given tp avbi4'norn- 
specific amplification. The following cycling conditions were employed: deriaturation ^t 92 
for 45 seconds, followed by nnneaHng at 60 ""C for 1 min, and extension at 72 for 1 
niin—A total number of 30 cycles were givcnr-follo^^ a final esctension-for 10 mit» at 72 
°C. The reaction yielded a single 360 bp PGR product as seen. on. a 2% agarbse gel 
alongwith standard PGR markers. The amplified product was then cloned into pBlu«?script II 
KS" at the EcoRI site (refer to Fig 16) which had been introduced in thiCrPCR product as a 5'- 
overhang. The PGR reaction mixture was purified using standard methods, and then kinased 
with T4 PNK enzyme. The kinased PGR prcrfuct was ligated to concataniarize the PGR 
product in order to internalize the EcoRI site to facilitate cloning of the DNA usSng the 
proceduie of Jung et al. (Jung, V., Pestka, S.B., and Pestka, S.. 1990, Nucf. . Acids JBw. 
18:6156). The ligated DNA mixture was then digested with EcoRI. foUo>^ hy 
electrophoresis on a 2% agarose gel to check the cfBciency of ttie ligation aii|d digestibn 
steps. The band representing EcoRI-digcsted PGR product was cut but from the gel and 
purified. Approximately 400 ng of the PGR product was ligated with lug pf pBluc^criptH 
(KS") pre-digcstcd with EcoRI and then dephosporylated. Approximately 2 ul of the ligation 
mixture was directly used to transform coli DH 5-alpha electrbcompetcnt cells. The 
transformanis were selected on LB-Amp plates containing TPTG and X-gal using blue and 
white colony selection. Ten white transfbrmants were picked mi taken up. for 
miniprcparation of plasmid. The plasmid DNAs were digested with EcoRI crizymc, and the 
digests analysed on 1.5 % agarose gels. The transformants releasing 360-bp insert (tlicrsize of 
the PGR product) were taken as positive clones. Nine of the ten clcmes were found to be 
positive by this criterion. One of the above clones was then confirmeid for the absence of any 
unexpected mutations by automated DNA sequencing by Sanger's procedure, and used as 
template for PGR-II employing RG-3 and MY- 14 as primers so as to add additional 
sequences at the 5' end of amplified FED sequences in the cloned PCR-I product,- The PCR- 
I had rcsiiltcd in the addition of a TG recogjiition site and a stop cpdon onto the original 
FBD(4.5) gene-block, \^iiereas the stage-II PGR was carried out to effect the addition of the 
poly-glycine linker and overlapping SK sequences onto the FBD(4,5) gene4)l6ck. The 
following reaction conditions and cycling parameters were used for carrying but. W^R-^Il. 
Each of the dNTFs : 200uM, PGR -I product cloned in pBluescript 11 .(K5-) as template 
(lin arized) 260 ng, RG-3 and MY- 14 as forward and reverse primers (100 pmol eiach), 5% 
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. DNA polymerase (2.5 units) in a total rB80tion-yoli|ime of 100 ul. 
Cycling parameters were similar to that of PCR-I except that the annealing temperature was . 
lowered to 58 "C. An aliquot (apxox. one-tenth) of the PCR -II was run on a . 1.5% agarofiie gel • 
to check for amplification. As the Taq polymerase docs not fuiodQi:e blunt flooded: PCR . 
products (unlike pfo polymerase) but ones with a single-base overhangs (reference ), the 
PCR product was first fiUed-in, and then kinascd. These two modifications were carried out 
in a single reaction at 22 ""C for 30 min using 10 units each of the T4 DNA polymera^ pnd . 
_T4-FNK-(toiaLvolume_85_ul). In addition, 8 nmol dNTFs as_well as 1 rrnngl rATP Svere 
added to the reaction (all indicated conconccntrations are final). The reaction Kvas stopped; by , 
adding EDTA to 10 mM followed by heatmg the tube at 70 *C for 10 inin. . The filled and • 
kinased PCR product was subjected to a phenol-chloroform treatment and precipitated with .; 
two volumes of ethanol in the presence of 0.3 M sodium acetate. The pellet was redissolved ' 
in 20 u] of dist water. Approx. 15 ul of this DNA was ligated in order to cbncatemarize tho 
PCR product- For doing the ligation, IX Universal Buffer (si^pliediby Strarkgeneilnc.), lul . 
(of a 10 mM rATP stock) and 400 wciss units of T4 DNA ligase wens adided to 'a :25 ul 
reaction. The reaction was incubated ai 16 °C overnight. ITie ligase Was; heat-ifiactivated at 
65 X for 10 Tni'n The concatamerized PCR product was then first digefstedrwifli Eco47 111 
(approx. 20 units) in a 25 ul reaction at 37 •^C for 6 h and then the DNA was digested with 
BsmI enzyme at 65 °C for 6 h after adding -20 units of Bsml enzyme in the. same tfeacrion. 
In parallel, the vector pSKMG-400 (approx. 4 ug), containing the SK genjp^ was digested, 
with BamHI enzyme according to standard protocol and the digested ;DNiA was fUled-^in' 
using T4 DNA polymerase in the presence of lOOuM dNTP's and 0.5xdM EjTTr Tlic rcsaction; 
was incubated at 37 ""C for 1 h. The reaction was stopped by heating the tube at 75 *C far 10' 
min. Then the BamHI filled vector was digested with Bsml enzyme ;by incidvating at; 65 ^ 
for 6 h. The vector was purified by a phenol-chloroform tretiament ifollovk^d; by a 
chlorofonn-isoamyl extraction, foUowed by ethanol precipitation of the DNA. Then the 
Eco47III and Bsml double-digested PCR product and BamHI-digested aoid filleid^ixi plus 
Bsml-digested pSKMG-400 vector were ligated (refer to Fig. 16 ) in a 20-ul reoction by 
incubating at 16 "C for 14 h, after v^^uch the ligase was inactivated by heating at 70 ^C for 10; 
min and then the DNA was precipitated with n-butanol. It was then usedito transfbrm '£ 
coH XL-Blue electrocompetent cells. The transformed colonies were then selected pn. LB- 
Amp plates. Ten transformants were picked and screened for the presence of tlie diagnostic 
test, namely the release of a 372-bp fragment after digestion with NotI and| Bsml enzymes^ 
in contrast to a 295-bp fragment fi^om the control plasmid, pSlCMG4pO since the jpoisitive 
clones contained the additional FBD(4.5) segment Eight clones fi-omlhe teniiseledredrtumed 
out to be positive by this criterion. The positive clones were deaijgnated as pSKMG400- 
FBD(4,5). One of Aese was subjected to DNA seqtiencing ^\Wch cc^ifixzned the presence of 
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of the gene-block. 

For the cxFcssion of the SK-FBD(4,5) hybrid polynucleotide DNA intrac llularUy to £. 
co«, the scheme shown in Fig. 17a >vas followed. The Bsml-Votl .DNA piece from 
PSKMG400.FBD4.5 [begimnB from that encoding for the Ctenninal. portion of the SR gene 
and caning the intergenic linker region, the FBD(4,5) segments, and ending after the ;9tbp 
codon f^Flhis ORF ai WNSn-site onginatinB ftotn the multiple cloning rite (MeS) pif the 
parent vector] was tiansfen«i into plasmid pET23(d)SK-NTR digested^ vrfth tt»|i >ine 
restriction enzymes. The digested vector and the DNA segment from pSKMG40q-FBP(4.5) 
(insert) were isolated from I'/o agarose gels after beta-agarase digestion, as described «alier. 
The vector and insert DNA wre then ligated by standard procedures ushag a vector; ihseit 
molar ratio of 1:5 (apFOXimately 590 ng of the Bsml/NotI double^gesicd vector and 250 
ng of the Bsml/Notl double-digested insert in a 20-ul reaction). DNA W fl»e. ligation 
reaction was butanol precipitated and directly used to transform E. co/l XL-l Bine electro- 
competent cells. Transformants were selected on LB-Amp plates. Ten tTDisfbrmants. were 
picked up and taken up for plasmid miniprepanuion. The miniprep DNAs W digested with 
BsmI and NoU en2ymes, alongwith pSKMG400-FBD(4.5) as control, three clones g^wc 
Bsml/NotI insert equal in size to that of the insert liberated from pSp4G400-FBDi4,5).Ohe 
of the clone, designated pET23(d)SK-NTR-FBD(4.5) and deposited with XfTCC with 
accession No. BPL 0014, was then fiilly sequenced by automated DNA sequencing in and 
around the SK insert (see Fi«.17b for the gene sequence). AU the 3 positive clories^ ^*«b 
transformed into E. coli BL-21 strain and were induced for the expression of SK-FB1X4,5) 
hybrid protein using the standard protocol described before. The £. coli 31^21 cells 
harboring the plasmid pET-SK-FBD(4,5) were induced with 2 mM IPTG at -q;6OD600: ^ 
were further incubated for 3 h at 37 "C. In parallel, cultures were also growth where: IPTG 
addition was omitted (uninduced controls). Cells from 1.5 ml of the cultures were pelleted 
down by centrifiigation and were directly lysed in 100 ul SDS-PAGE simple buffer. After 
high-speed ccntrifugation (8000 g x 20 min) to pellet undissolved components, approx. 25 ul 
of the supematunt of each of the samples (alongwith lysate from pET23(d) SKrNm as 
positive control) was loaded onto 10 % SDS-PAGE gel and subjected to electrophpretic 
analysis. The gels showed distinct bands of 57 kD in the IPTG.induced cultures (rtttghly 
representing 20-25 % of the total Commassie-stained protein bands in tihe gel), iridkiatmg 
that the hybrid SK-FBD(4,5 ) fusion protein had been expressed at high levels. In the case of 
pET23(d)SK-NTR harboring cultures, a band coiresponding to 47 kD, the poisition. of native 
SK, was observed. In paraUel, SDS-PAGE gels were subjected to the plaaminogen-overlay 
procedure, which showed distinct zones of clearance by the 57 kD hybiyd prcfteiiL however. 
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these zones were produced with a distinctly slower rate in ccmpanSM to thoRC- produced by 
naliv SK or the rSK expressed in intracellularly fix»m pET23(d)SK-NTIL 

Ten ml of LB-Amp media were inoculated with £. coli BL21 cells harbbnhg pET-SK-W 
(4,5) and incubated at 37 for 12 h wi4 shaking (200 r.p.m.)- This inoculinn was iised to 
seed 200 ml of LB-Amp tncdiuxn, and incubated for 2 h at 37 "C with diakinig. At this time, 
the OD600 of the culture was apprcx. 0.600, The production of SK-FBD(4;5) protean in this 
culture 'was then- induced by thc-addation -lPTG to 2 mM and incubation continued for 
another 3 h at 37 °C with shaking. The OD600 had reached 1.2 by this time. The cells wire 
harvested by centrifugation (8000 g x 20 min) at 4 washed once with. ST buffer, and 
resixspended in approx 14 ml of the same buffer over ice. This cell suspciision was then 
subjected to sonication in the cold (20 sec pulses with 20 sec. gaps; total time 15 luin)- The 
lysate so obtained was then ccntrifuged (lOOOO g x 30 min) at 4 *d. The superziotant was 
carefully decanted into a separate flask. This solution contained Bppi;ox, driig/ml protein as 
estimated by Bradford's method using BSA as standard, and had a total of L5 X 10^ I.IJ of 
SK activity as measured by the chromogenic peptide procedure (see descripticin of methods, 
given above). The lysate was then split into two portions of -6 ml each to effect either air 
oxidation or glutatbione-mediated oxidation of the SK-FBD(4,5) polypeptide. For the -air 
oxidation* the 6 ml lysate was diluted to a total of 40 ml of solution (reactitin mixture A) 
v^ch coniained (final concentrations): Tris-HCl (pH 7.5). 50mM and NaCly 150 tnM. In 
reaction B (reoxidation using the reduced-oxidized glutathione buf&r), the final volume was 
also 40 ml, but it also contained [besides NaCl (150mM) and Tris-Cl (SOmA^], a mixture of 
GSSG and GSH (1:10 molar ratio, vvdth GSH at 10 mM) and EDTA (ImM), Both reactions 
were subjected to gentle mixing at room temperature (24 plus/minUs i "Xj) for 10 = min and 
then passed through two separate glass columns each containing 6 ml human fibrin- 
Sepharose at a flow rate of 20 ml/h in a recycled mode i.e. the efQuent was passa^dJhaek 
into the column with the use of a peristaltic pump. After 18 h of passage through, the 
respective columns, the flow of the reaction mixtures was terminated. Eioch columii was 
then washed with 50 ml of binding buffer (SO mM Tris-HCU pH 7.5, and 150 mM NaCl) 
followed by 50 ml each of 2 M urea (in binding buffer), folloed by 6 M Urea in the same 
b\iffer (to effect tightly bound protein). All washings were collected in 10 ml fractions with a 
fraction collector, and analyzed for protein by Bradford's method, as well as SK activity using 
chromogenic substrate and human plasminogen as substrates was also determined for each 
fraction. The total yield of protein in the 6 M urea v^rashings was 280 tig in the case of 
reaction A (air oxidation), and 380 ug in case of Reaction B (QSGrO$SH mediated 
refolding)* These two pools represented, respectively, the fibrin*^binding SK-FBP(4,5) 
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protein obtained after air oxidation or gjolathiohe-catalyzed refolding of the jaJracellular 
protein expressed from the pU8midpET23Cd)SK-FBD(4.5). The specific activity of ^th t}» 
fihrin-Sepharose binding protein fractions from Reaction A and B were foimd to b^ aliiiost 
identical (2.5 xlO* lU/mg and 2.1xlo4 LUVrng. respecUvely). The dflute protein i&^tonS 
were concenirated approx. 10-fold with ccntrifiigation in Sartorius certtiistart filteifs. The 
concentiBted fractions were then analywd by SDS-PAGE, with and without reduction with 
beta.mcrcaptoethanol. On reducing SDS-PAGE (i.e. with bcta-mercaptoethanbl frestoient of. 
the samples), the Teoxidiz^:reYolded"SKKFN4;5)rii^espective of thermethod of reojtidation, 
showed a single predominant band, but one with higher MW (-57 kD) as coinpaT^d to the 
native SK standard (47 kD) as expected on the basis of the chimeric design of the hybrid 
gene. Essentially the same patterns were obtained when the SDS-PAGE was conducted 
without beta-mercaptoethanol. a treatment wherein any of the cystine disulfide (S-S) bridges 
would not be reduced to cysteine -SH groups. This indicated that the jefolded inokcules 
contained essentially monomeric intra-molecular S-S bonds, and siontldned negligible 
quantities of higher molecular weight (i.e. polymeric) products fonnod due to iiiter-t^olecidar 
S-S bridge formation between the SK (FN4.5) molecules as a result of the rexodiaticm step. 
When analyzed by the Eliman DTNB color reaction for thiol groups (Habeeb, A.F.S;A.. 
1972.. Methods in Enzymol. 25:457.. Academic Press, New York) these fractions shbvt?ed.te 
complete absence of any fr«e -SH group, indicating that the owdation of the original ,8 
cysteines present in the reduced form of the chimeric polypeptides, to S-S bridges, 
complete as a result of the reoxidadon/refolding step. 

Example 4. Construction of a hybrid DNA polynucleotide between DNA encoding for. SK. 
and FED pair 1 and 2, and cloning and expression of the chimeric polypeptide in K cott. 

The construction of a hybrid between SK and FED pair I and 2-encodiiig pplynjBCleotide 
DNA in the same translational fnme. involved a strategy closely similar to thai utilized for 
hybrid construction between SK- and FBD pair 4 and 5-encoding polynucleotide DNAs 
(Fig. 18). The essential "units' used in both the constructs were similar i.e., DNA encoding 
residues 1 to. 383 of SK, a sht»t polynucleotide sequence encodibg ;for polyglyci)pe linker 
between the two DNA polynucleotide blocks, and a transglutaminiase (TG) feiogr^iion site 
for cross-linking, removal of the stop codon of the SK gene and introduction of a mew stop 
codon at the end of the FBD segments [either FBD{4,5) or FBD( U) etc]. This sirategy also 
exploited flie use of the Bsm 1 site of the SK gene as a common junction-point for -the frision 
between the SK and FBD(1,2) polynucleotide segments. However, the strategy difEered 
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from that empl yed for constructing SK-FBD(4^) fusion in that the aiil^iiicatibn of the FBD 
(1^ ) domains was carried out in one 6tage,:iiii]ike that . ' 

of SK-FBD(4,5) wherrin two conscquetive PCRs with differiag S'-pririusrs were utilized 
(Example 3). This was because in case of the SK.FBD(1.2) constmpt. a very large- piiiner was 
not required as a TG recognition site is naturally present in the FN gene jxist at the begining 
of the FBD-1 domain (Cf. Fig. 6), thereby obviating the need to engineer a TG site in the 
Upstream primer. 



The FBD pair (1,2) was amplified from the plasmid pFHMG-60 (containing all ftVc: of the 
FBD encoding sequences of human fibronecdn) with the following two piimets whose 
sequences are provided below. Also shown arc the 5'- ends containing iibiit-hybridizing. 
sequences (in bold letters) and the incorporated RE sites therein to facilitatt iloningiand/or 
docking into the SK gene; the areas hybridizing with the target DNA sequeoces in the 
templates are -also underlined. 
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Upstream primer. MY-10 

SK sequence (codons 377-383; Cf. Fig. 3) . 

Bam HI Bsm I (gly-gly-gly-) hyhrdizes at thr TG -recogntn.. 

site justib«tfbr« me FBD 

Downstream primer. MY^e 

5'. GGC- CTT'-AAG - AGOGCT > CTA-TTA - GAT-GGT-ACA-GCT-TAT;Ti^^ 

'clamp* EcoRI Eco47n Slop sequence hybridizing '^^thi FBD( 1^3 

site codons codons 99-li04 (Cf.rig. 6) 

The following conditions were used for the PCR: Each of the dNTP's: 200 uM; pFHMGr^O ' 
vector as template : 1 ng; MY-10 and MY-6 primers: 20 pmol each; pfu jpolymerase ::2.5 • 
units; IX pfii polymerase buffer (Stratagene Inc.). and a total reaction volume of 100 ul; A 
Tiot start* was given for 5 min at 94 The following cycling parBmetisrs were used : 
denaturation at 92 °C for 45 sec, annealing at 50 for 60 sec, and extension at 72 °C: tOr 
another 60 sec. A total of 30 cycles were given, after which a final exterision was provided 
at 72 **C for 10 min» The amplification of the SK-FBD (1,2) hybrid cassette was checked by f 
loading one-tenth of the reaction mixture on a 2% agarose gel. This demtohstrated.^iai the 
expected DNA (369 bp) was satisfactorily amplified in the absence of any background bands. . 
The amplified PCR product was then cloned into pBluescriptQ KS(-) afltisr purification 
through Qiagen PCR-purification colimm using the manufacturer's prbtdcbl. Approximately 
2 ug of pBluescriptll KS(-) vector was digested with 10 units of Sma I restrictipa enzymd in ' 
IX NEB-4 buffer in a 20-ul reaction by incubating the digestion mixture at 25 'C for 12 h. . 
The enzyme was inactivated by heating at 55 °C for 5 min and the linearized plasmid DNA - 
was purified after electrophoresis on a 1% agarose gel. ^ Tlien, 1 50 ng of the ^mal^digested , 
vector was ligated with approx. 120 ng of the puriiled insert DNA (I'CR product), in. a 25'-til : 
reaction after adding 2.5 ul of lOX (stock) ligase buffer (New England. Biolabs Inc., MA, 
USA), lul of 10 mM rATP stock and 400 weiss units of T4 DNA ligase. The ligjltioti was 
done by incubating the reaction tube at 16 °C for 12 h. After the ligation; the ligase was- 
inactivated by heating at 70 °C for 10 min. The DNA in the lig^bn mixture ivas 
precipitated with n-butanol and then dissolved in 20 ul of dist. water and. approx.: one-third 
used to transform coli XL-Blue electroctmipetent cells (Stratgetie Inc., USA) by . 
electroporation. Transfonnants were selected by plating on LB-Amp plates. Minij^rep 
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plasmid DNA was prepared & in eight selected clones and analysed by agarose fid 
electrophoresis. The plasmid DNAs of the transfonnants were run aloi^^iwth^ poire 
pBluescript n KS{-) to identify positive clones with larger molecular wdght (MW), 
signifying the presence of the PCR-gcn rated insert DNA. Thr c traMfennmts Were fouiid 
to be moving slow r than the pBluescript DNA on 1 .2 % agarose electrophare^a- To f\irthi5r 
confinn that these contained the DNA insert, their plasmid DNAs were digested \vith EcoRI 
and BamHI enzymes since EcoRI and BamHI were two of the sites that , were introduced in 
the PGR product during amplification. This showed that o 370-bp fiagment, co)fresporidiixg to 
the size of the PGR product was liberated, clearly establishing that these clbnies contained the 
desir^ cassette. This was finally confirmed by automated DNA sequencing by the Sanger di- 
dcoxy chain-termination method which showed a complete conespondencc wiifli &e sequence 
expected on the basis of the primers and the target DNA viz., FBD(l^) alongwitfi a shofrt 
stretch at its S'-^ud carrying SK-specific and intergenic sequences. Hie sequencing; also 
established the absence of any other mutation in the amplified DNA. The cassette 
subcloned in pBluescriptO KS(-) was then transferred into the SK-containing vector, 
pSKMG400 , in ortier to fuse it in-frame with the SK ORF utilising the commdn Bsm:I site. 
For cloning the SK-FBD(l-2) hybrid cassette into pSKMG400 vector, both vector and insert 
DNAs were first digested with BamHI. Roughly 2ug of the pBluescript'-FBDCl ,2) and 4 ug 
of the pSKMG400 were digested with 8 uiuts each of the BamHI eiizyme in a-BO ul reaction 
utilizing buffer D of Promega. The tubes were incubated at 37 *'C for 6 h. A small aliquot 
was run on a 0,7 % agarose gel to check for the digestion. After confirming completion of 
digestion, the reaction was stopped by adding 0.1 volume of 100 mM.EDTA. THc digested 
samples were loaded onto 0.8 % agarose gel and the desired fiagnjuents were ciis put as 
agarose blocks. The DNA was extracted by treatment with beta-agarase as detailed befoiti, 
and quandtated. Ligation reaction was set up between dqublc'-digested vector and the 
fragment containing the SK-FBD(1,2) cassette using -200 ng of the vector and 30 ngiof the 
fragment, 4 ul of the ligase bufFer, 4 ul of 10 mM rATP, and -600 Weiss unitis of ligia^e in a 
total volume of 40 ul. The ligation reaction was incubated at 16 ®G for 12 h. The ligasc was 
inactivated by heating the tube at 70 °C for 10 min then the ligated DNA was. precipitated 
using n-butanoU air-dried and dissolved in a smalt volume of sterile distilled water. For the 
transformation step, approx. 100 ng of the ligated DNA was used to transform E, co/f .XL-1 
Blue electrocompetent cells which were plated on LB-Amp plates. Five colonies were picked 
up and used for plasmid minipreparations. The plasmid DNAs were digested with Afl II and 
Eco47 in restriction enzymes separately, pBluescript FBD(1,2) and pSKMG400 vectors 
digested with the same enzymes were kept as controls. The digestion mixtures, were run on a 
0.7% agarose gel along with double-digested controls. Two clones showed linearization 
upon Eco47 III digestion. The pBluescript FBD(1,2) control also showed linearizatioil with 



46 



22-DEC-1999 18:14 FROM KUMflRRN & SflGfiR 0*^3l'*^§S^£ir§2^2l^=^ 

■ ^ 

Eco 47 in digestion, as expected However, tbr positive clones were of high^inoliBtviIar S2c 
due to the presence of SK. The pSKMGAOO did not show my digestion : with Etp 47 HI 
enzyme. The positive clones also gave out an insert upon Aflll diges^cin, as anticipated 
from the known presence of a single Afl IT ate in SK and anodicr in Ac FBEf(i;2) segjzieiit. 

For the expression of the hybrid SK-FBD(l^) polypeptide, the Bism I->4bti 1 fragifeent from 
pSKMG400^FBD(l,2) was transferred into pET23(d)SK-NTR at the samie sites (see Fig. 
19a). Approximately 10 ug of pSKMG400-FBD(l,2) plasmid DNA was dijgested with IS U 
of Not I enzyme in NEB-3 buffer supplemented with IX BSA by incubating at 37 *C for 6 h 
in a 60-ul reaction. A second addition of Not I enzyme was again made' arid the reaction 
mixture was further incubated for another 6 h. A small aliquot was removed to check for the 
completion digestion by running an agarose gel. After the NotI digestion^ the DNA was 
precipitated with cthanol and sod. acetate (0.3 M), redissolved in 20 nl of dist. vv^ater and 
digested with-20 U of BsmI enzyme in NEB-2 buffer in a 80-ul reactioii at 65 °C for 14 h 
after overlaying the reaction mixture with 50 ul of mineral oil to avoid evaporation. Similarly^ 
in parallel, approx. 5 ug of the vector (pET23(d)SK-NTR) was double-digested with 20 U of 
Not I and 15 U of BsmI enzymes, sequentially, The linearized vector, and insert were jisqlated 
by running a 1% agarose gel and loading the above-mentioned digestioh mixtures in* well- 
separated wcUs.Thc vector and insen bands were cut out from the agarose ^gel using a clean 
scalpel and the respective DNA fragments were purified, quantitated sp^trophotometrically 
and ligated at a moJar ratio of 1:5 of vector, insert . Approximately 600 ng of the Bsinl/Notl 
double-digested vector was ligated with around 250 ng of the Bsml/NotI ddublcwligeBted 
insert in a 20-uJ reaction by adding 600 Weiss units of ligase (NEB) and 2 ul of 10 X Ugase 
buffer (also of New England biolabs. Inc.) and incubating for 14 h at 16 °C. ] The ligation mix 
was then heat-inactivated at 70 °C and 15 min, and the DNA was n-butanol:precipitat^« air^ 
dried, dissolved in 20 uL of sterile water and approx. one-thirds directly useki to electroporate 
£, coli XL-1 Blue electrocompetent cells. The transformants were selected on* LB-Amp 
plates. Ten transformants were picked up and inoculated into fr'eish LB-Amp for plasmid 
minipreparation. The miniprep DNAs were digested with BsmI and Noti enzyme albngwith 
pSKMG400-FBD(l ,2) as control. Three clones were positive in terms of liberating an insert 
equal in size to that of the insert liberated from pSKMG400-FBD(l,2).Oheipf the clones was 
then sequenced to confrrm the nucleotide sequence of the SK-FBD gene (see Fig. 19b) and 
designated pET23(d)SK-NTR-FBD(l,2). This has been deposited with MTGC under 
accession No. BPL 0014. The plasmid DNA for this clone was transformed, into £- coli BL- 
21 strain, grown in liqxiid culture and induced for the expression of SK-iFBD(l»2) hybrid 
protein with IPTG, as descibed earlier. Cells from 1.5 xil of the induced culture were pelleted 
down by centrifugation and were lysed in 100 ul modified SDS-PAGE sample buffer ; 
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approx. 25 ul lysate, aJongwith that from ccUs iarbouring pET23(d) SK-NTR as contrbl was 
analysed on 10% SDS-PAGE gel. In paiaUel, cultures were also grown where IPTG addition 
was omitted (uninduced controls) and similarly analysed alongwith induced cultures by SDS- 
PAGE. The gels showed distinct bands of 57 kD in the IPTG-induccd curares . {roii^y 
representing 20 % of the soluble protein fraction) indicating that the hybrid SK^BD(^^^^ 
fusion protein had been expressed at high levels intraceUularly. ki the case of. ^w^^ 
pET23(d)SK-NTR harboring cultures, a major band corresponding to 47 kD: ttic position of 
native SK was obscrved. 

Eumple 5. In-frame fusion of DNA segments encoding FBD(4,5) at the N4tenniiia] end of 
the open-reading-frame encoding for SK, and cloning and expression of ;the hybrid 
polynucleotide-construct FBD(4,5)'SK in E. colL 

The construction of the FBD(4,5)-SK hybrid polynucleotide DNA was accomplished iby; the 
splicing overlap extension (SOE) method, a procedure in. which , tv^oj (or mclre) :;X>NA 
fragments are joined together employing PGR , without using either DNA scission or liigatjon 
(in this context, reference may be made to the following publications: Hoitbn, RLM.^ Hunt» 
H.D., Ho, S,N., Pullen, J.K., and Pease, L.R., 1989, Gene 77:61). The two fragments to be 
joined by SOE need to have mutually complementary sequences at. their respective 
junctions where the joining is to take place so as to fonn an 'overlap* (see Fig. 20). These 
re^ons of complementarity can be engineered into the two DNA. fragments, or Wocks', to be 
joined (in the present case, the SK and FBD sequences) thrbugjx. separate PCRs each 
employing primers specially designed for this purpose. These two PCR^generated l>lc)cto 
are then used in the overlap extension reaction, in a third PGR, wherein the Mmjp^emenit^ 
strands hybridize partially at their 3*"ends through the regions of mutual complemeAtaiiQf 
after snand separation (denaruration) and reaimealing. Thus, thepe.two DNA strands act. as 
megapyriroers on each other, and in the presence of thermostable DNA polymerase^ the 3'- 
ends of this intermediate are extended to form the full-length (te, fused) segment, wiiich 
may then be further amplified using the flanking primers derived frbm.the" first two PCRs. 
used to generate the two DNA blocks. The FBD-SK polynucleotide fiisiohs wiere madie using 
four synthetic oligonucleotide PCR primers viz., KRG-9, KRG-11 and KRG-12 

whose sequences and design are described below (see also Fig. 19 for the overall scheme 
followed for the construction of the chimeric gene^onstruct). 
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1 Tpcfr>.si^ PCR -I Drim er KRG-8: 

Transglutamate recognition site 

150 ISZ: 'I i^^' 

5--CC^ATG- GTG-CAA-GCA-CAA.CAG-ATr-GTA -£:rr.ATA-QCT-GAq'AAG-TGTr y 



Parda) Nco 1 
site 



hybridi«B to bopning of FBp(4)i spffnaA 
(codon nurnbcTS of FBD arc sboWn is.per:Flg. 6^. 



p^xvmct^Rr n PCR4 p rimer KRG'9: 

sequence coinpleinentary to 
codons 1-5 of SK (No.'s indicated 
below) 



5». CTC-AGG-TCCAGC-AAT -f rn,AAC-ATr.rfGT-GAA-GGG-GCC^AGA-T-3' 

5 4 3 2 I 259 257 255 253 . 

sequCTce hybridizixxg with end of »«4P»«5nt 
icdicated 

are codoos. as per Fig. 6). 

TTpctTR^m PCR-D primer. KRG-1 1 

FBD(5) sequence, as overhang; soquance hybridizmg with SK gene; cbdon"No,s: 

Codon nwnb«r3 (cf. Fig. 6) .(C£ Fig, 3) are indicaicd. 

are indicated. 



5'-TTC-ACC-GAT-GTT-CGT - ATT-GCT-GGA-CCT-GAG-TGG-CTO^tAi!GAC-3' ' ; 
255 257 259 1 3 5 7 . 9; . . ^ ' . 

Upstream PCR-II primer. KRG-12 

5'.TGG-TTT.TGA-TTT-TQG-ACT-TAA-GCC-rrG.3' 
62 60 58 56 54 

Note: sequence hybridizing \vith SK gene (codon No.'s are indicated; 

sec Fig. 3) 

As can be seen above, the upstream primer, KRG-8, was homologous to the the begiimng 18 
nucleotides of the 'anticoding' strand of the FBEM encoding DNA= and al^ carried at its 5' 
end non-hybridizing DNA sequences that encoded for a Nco I site (to faciliutc the 'docking' 
of the SOE product into the Nco I site of the expression vector, thus recr^ting the QKF for 
the FBD(4,5)-S1C fusion sequences). The upstream primer also contained sequence coding 
for a transglutaminase cross-linking site. The downstream primer KRG-9 was designed to 
hybridize with the end of the FBD(5) DNA sequence, but also contained at its 5' non- 
hybridising end, nucleotides complementary to the first 5 codons of the QRF encoding 
mature S. equisimilis SK (sec Fig. 6). The template used for the first PC|t to obtain Block I 
(see Fig. 20) was FBD(4,5) cloned in pBlueScript [pSKMG400-FBD(4.5)]. The first PCR 
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(termed PCR-I) was earned out using approx. 20 ng template and 30 janol; of each jpritoer m 
a 100 uL-reaction using the buffer provided by Stratagene Inc.. the; Buppliiar of the pfii 
thermostable polymeras . The PGR employed 25 cycles with the foUowing conditions: 94 ^ 
for 45 sec (denaturaiion step) foUowed by 50 for 1 min (annealing siep), and 72 Cttst 1 
mm (extension step). This was followed by an incubation for 4 min at 7i for extension of 
any incomplete chains. The PGR resulted in the generation of a sin^e sp«aes of PNA. in 
accordance with the size expected from the fusion construct (368 bp), as observed by agarose 
gel electrophoresis; this DNA species was isolated from the gel a^ a sm^ agarose hldck, and 
subjected to further purification using the agarase treatment method, described ^ariier. : . 

For obtaining the DNA Block TV for the SOE rieaction, only the region of the- SK-^ricoding 
polynucleotide DNA conr spending to nucleotide 1 to 186 (approx^, corresppndihg .to the 
first 63 amino acid residues of SK; see Fig. 3) was amplified using pSKMO40P as template 
in PGR n, using the primer set KRG 11 (upstream primer) and KRG 12' (downstream.. 
primer). This region encompasses the unique Afl U site in the SK gene (see Fig; 4)/ The 
upstream primer contained non-hybridizing bases that were homologous lb the last five 
codons of the FBD(5) encoding DNA (viz., codohs 255-259), followed by a stjretch of bases 
hybridizing to the fixst 27 bases of the anti-sense strand of the SK-encoding ORi- (see Fig. 3), 
The downKtream primer contained sequences hybridizing with the stretich of DNA encoding 
for residues 55-63 of SK containing the Afl 11 restriction site so that the SOE product could 
be docked back into the full-length SK-encoding polynucleotide segment cbntained in the: 
vector used for the expression of the hybrid geDe(see Fig, 21a), The PC3t was ciarafed out 
essentially as described for PGR I, above, except that 90 ng of templBte^WBS clioiscn and the 
cycling conditions selected had a lower annealing temp. (43 *'C) dictated by a relatively 
lowered Tm of one of the primers. The PGR gave a single DNA band of the expected size 
(201 bp) on agarose gel electrophoresis, which was isolated and purified as for PGR I product- 
(Block I). Splice overlap extension reaction (PGR ITT) was then carried out to obtain the 
hybrid DNA between the FBD and SK ORFs. In this reaction, approx. eqmvalenl amounts of 
the purified DNAs from PGR I and PGR II were mixed together (representing apprOX; one- 
fifteenth of the amplified DNA obtained from PGRs I and II) in a 100- uL rcactipn» To bring, 
about optimal and specific annealing between the hybridizing areas of the two partially 
complementaiy strands from the FBD(4,5) and SK 1-63 DNA blocks <see Fig; 20) (Pfaffie 1). 
the reaction was first carried out in the absence of any other primers, uising pjii XSHA 
polymerase and the buffer specified by its supplier, employing the following conditions: 98 
**G for 2 min. slow temperature decrease (i.e. 'ramp* of 4 min) to 50 °€, maintainance at 50 **C 
for 1 Tnin, followed by 3 min at 65 X. A Tiot start' was used for the ihitiatipn of feerPCR 
the DNA polym rase was added into the reaction after all other componettts had been added 
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and therraally equilibrated to the highest temperature in the cycle). A totd of ]0 cycJes Avere 
carried out first (Phase I), to allow formation of overlapped extended piroduct^ Iiithe Second 
phase, primers KRG 8 and KRG 12 were added under hot start conditicms, and another 25 
cycles were given at the following cycling conditions: 94 **C for 1 mlh (deiiaturation s^ep); 40 
"^C for 1 min (annealing), followed by extension at 72 °C for 1 min 10 amplify the fosion 
products. Finally, after 10 min at 72 °C, an aliquot from the PGR waS; analysj^d egarasc 
gel electrophoresis. It showed the clean appearance of the expected by^brid product (539 l>p) 
with the absence of any other background bands. This was isolated firom. ffie agarose , grl, : 
purified and then kinased with T4 phage polynucleotide kinase by standard rprpfpcdls: The 
kinased (i-e. 5 -phosphorylated) product was then blunt-end cloned al the Fxo RV. site of 
pBlueScTipt. Clones containing the SOE product were selected by rcistictii^ erjzyme 
digestion to isolate the inserts and measuring their size by agarose gel eloctrpphoriesis; TiiVD 
positive clones were then sequenced to confirm the identity of their: DNA inserts >s well as 
the absence of any mutaiions(see Fig21b). After Nco I and Afl D digestion of one of these 
two clones, the Nco I-Afl II fi-agment carrying the FBD4(,5)-SK 'hybrid polyiiucleptidfi 
cassette' was ligated with Nco I-Afl U digested SK-expression plasmid (pCT{23<j|)-SR) Bid 
transformation of jE. coli XL-Blue cells was carried out to obtain the hybrid :FBJ?(4,5)-SK 
ORF in this vector (Fig. 21a). The resultant plasmid pET23(d)-FBb(4,5)^SK has been 
deposited with MTCC under accession No. BPL 0015. This plasnild construct was 
transformed into E. coli BL-21 cells to monitor expression of the hybrid FBD-SKljcortstruipt 
from the T7 RNA polymerase promoter-based vector, as described before. The ^DS-PAGE: 
gels showed the expression intracellularly of a protein with the expected MW (approx. 57 
kD) at a level of around 20 percent of total intracellular^ soluble proteins. 

Example 6. In-fr'ame fusion of DNA segments encoding for FBD segTnents 4 and.' 5 at both, 
the ends of the DNA ORF encoding for SK, and cloning and expression of the hybrid 
polynucleotidc-construct so formed, FBD(4,5)-SK-FBD(4,5), in E, coli. 

The steps involved in the construction of a SK-FBD polynucleotide hybrid wiierein the 
FBD(4,5) domains were fused in*&ame simultaneously at both ends (i.e. the N^-^-and C- 
termini) of the SK-cncoding ORF [i.e. FBD(4,5)-SK-FBD{4,5)] are shown scherriaticidly in 
Fig. 22a. It is based on the cloning of the FBD(4;S)-SK(l-57 residues) cassette obtained from 
pBlueScript-FBD(4,5)-SK vector, described in Example 5 (above) into. pET-<23d)SiC- 
FBD(4,5) at the begining of the ORF for SK- Approximately 5 ug each of pET<f23 d)SK- 
FBD(4,5) and pBlueScriptFBD(4,5)-SK plasmid DNA were digested witli Afl 11 md Nco I 
restriction endonucleases and the digests were electrophoresed cm 1.2 % agarose gols 
alongwith standard DNA size markers by standard m thods. In each case, two fragments 
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were observed, corresponding to the vector DSAs (expected size, 5012. bp), devoid bf'ltc 
Nco I"Afl n fragment, and the latter fragment [approx. 520 bp in tiaie. ca$c of 
pBliicScriptFBD(4,5)-SK and 140 bp in cas of pETH23d)SK-FBI>(4,5)3 released froin thte 
parent vectors as a result of the double-digestion (see Fig, 22a showing the All II and Nctq I 
sites in the two vectors). The Ncol-Afl U fragment from pBIucScript FBlX^^SIhSK, 
containing the FBD(4,5)-SK( 1 -57 residues) cassette, to be used as insert, and the NcoI^Aflll 
digested vector DNA from pET-(23d)SK-FBD(4,5) were isolated fixim the agaiosp jgcl and 
-purifiedrBoth fragments were then subjected to ligation using T4 DNA Ugase tinder standaird 
conditions xising a molar ratio of 1:2 of vector to insen DNA. The ligation mixture;,w&s then 
transformed into electro-competent E. coli XL-1 Blue ceils. Positive clonies, with botti ends 
of SK fused with the FBD(4,5) domains, were selected on the basis of difference in si;uil from 
the parent vectors, as well as their ability to yield the expected fragtnent (containing FBD 
sequences at both ends of the insert) after digestion with Nco I and Bam HI enzymes (sec 
Fig- 22a), The veracity of the constructs was then established by isubjectizKg otie pi the 
selected clones to automated DNA sequencing using Sanger's di-deoxy method tq sequence 
the entire hybrid ORF (see Fig22b). This demonstrated that the consthict had the expiected 
design and sequence, with one *set' of FBD4,5 domain fused at the bcgining of tile SKt 
encoding polynucleoiide, and another at its end (i.e. after DNA encoding for residue .3 83), 
This plasmid construct has been designated pET23(d)FBD(4.5)-SK-FBD(4,i5j3, and 
deposited with MTCC (Accession No. BPL 0016 in host E. coli XL-Blue), It was" also ulsed 
to transform E, coli strain BL-21 electro-competent cells, in order to express the' FBtf-SK- 
FBD hybrid constuct intracelliilarly in E. coli. The hybrid gene was then expressed in JB. coli 
intracellularly after induction with IPTG exactly as described earlier; arid the coil ;ly sates 
analysed by SDS-PAGE, These showed the expriession of a polypeptide of apfprox; 
kD as expected from the incorporation of the two FED segments at each ends. of :the|SK (I- 
383) gene. The level of expression of this protein was observed to be approx; 20-25 peircent 
of the total soluble protein fraction. 

Example 7, Purification of various chimeric constructs formed between sk and FBDs after 
expression in ^. co/i and refolding, and testing of their affinity for human fibrin. . 

Ti&y ml LB-Amp (containing 100 ug/ml of ampicillin per ml) were seeded with £. tqlf cdls 
harbouring either pET23(d).SKFBD(4,5), pET23(d)-SKFBD(l,2), p)ET-23(d)FBb(4v5>SK 
or pET23(d)-FBD(4,5)-SK-FBD(4,5) plasmid constructs in separate flasks (150 ml capacity). 
The inoculation was done from the respective glycerol stocks, and the cvdture was incubated 
at 37 ^'C for 12 h on a rotary shaker (200 r.pjn.). This prc-inoculum was used to .seed fresh 
LB-amp at 5 % (v/v) level (one litre total for each type of E. coli BL*21 cells harbouring oiie 
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of the different plasmid constructs described above with 500 ml medium per 2 liter cpnie^ 
flask ), and the cultures shaken as above at 37 °C for approx. 2 jb 30 nrin, tft which time the 
OD600 of the cultures had r ached a value of 1.0-1.1. The expression of the chimeric 
SK/FBD polypeptides in the cultures were then induced by the additicm of IPTG lo: 1 mM» 
and continuing further the incubation for another 3 h. Cells from all four cultures Were then 
harvested by high-speed centrifugation (8000 g x 30 min) at 4 "C, and washed once with 500 
ml cold ST buffer (pH 7.5). Finally, each cell pellet was suspended in cold 25 ml ST buffisr, 
pH 8,0. The wet-weight of the pellets obtained &om 1 liter cultures varied between 4.3-4.5 g; 
Each cell-suspension was then subjected to ultrB-sonication to effect cell-lysis using standard 
methods. The lysates so obtained (approx. 28 ml each) were subjected to high-speed 
centrifugation at 4 X to pellet any unlysed cells and/or cell debris. The proteiri cone, in the 
supematants varied between 15.0 to 16.0 mg/mL These were then diluted to a final protein of 
1 mg/ml using distilled water, together with thie addition of the following additionLBl 
components (final concentrations in the diluted mix are given): Tris-Cl, pH:8.0, 50 mM; 
NaCl 150 mM; EDTA 1 mM; mixture of reduced and oxidized glutathione 123:50 thg. To 
these refolding mixtures (approx. 400 ml each) were then added 30 ml (packed volume) of 
fibrin-Sepharose beads pre-equilibrated with 50 mM Tris-Cl, pH 8.0. The mixtures were 
stirred at 22 for 16 h to effect reoxidation/refolding. The solutions were then passed 
through 50 ml-volume axial glass colimms fitted vvath firitted* glass disks (to retain the 
Sepharose-beads). The packed fibrin-Sepharose beds were then washed with approx, 170 ml; 
binding buffer (50 mM tris-Cl, pH 8.0, and 150 mM NaCl), followed by 100 ml of 2 M wea 
(in binding buffer), and finally the fibrin*bound protein was eluted with € M urea (in kinding 
buffer). All the washing/elution steps were carried out at a flow rate of --30 nd/h using a 
peristaltic pimip assembly. The chromatographic protlle in caise of SK-KBI>(4,S): fibrih- 
Sepharose affinity purification, and analysis of the different fractions, are showji on Fig. 23, 
Similar results were obtained in case of the other SK-FBD constructs. A total of 3.8 mg of 
protein was eluted alongwith the 6 M urea-wash in the case of SK-FBO(4,5); whereas for 
SK-FBD(l^) approx. 4 mg. for FBD(4,5)-SK 3,5 mg, and for FBD(4,5)-SK-FBD(4,5) 6^ 
mg of protein was obtained at the 6 M urea elutioh step. In case of the SK contit>l, no protein 
was found to clute alongwith the 6 M urea. The removal of the urea, and concentration of 
the protein, was effected by ultrafiltration through 10 kD cutoff membranes. Aliqupts of 
each of the four fibrin-specific SK-FBD chimeric products were then sul^ected to SDS- 
PAGE analysis on 10 percent acrylamide gels with and without reduction with bet^*" 
mercaptoctbanol to determine their relative . purities as well as mbnomeric/polymeric 
character. Standard molecular weight marker proteins as well as pure native SK from 5. 
equisimilis were also run on the same gels. The SDS-PAGE analysis, either in the presence r 
absence of reducing agent, showed all of the fibrin-Sepharose eluted chimeric product to -be 
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essentially pure and monomeric; in all cases, a single prominent hand stained wi^ Coptnassie 
Blue and very few faint backgroimd bands were visible (not more than 2-5 % cumiilatively),. 
The MWs of the refolded proteins were completely in accord with tho&e expected, from 
theoretical considerations i.e. extrapolated from the MW of individual domains of FBD, die 
SK portion, and linker sequence, if present. The SK-FBD(4,5) and SK-FBb(l^): bands 
moved with the same mobility on SDS-PAGE» with an apparent MW of aroiind 55 kD; 
however^ the FBD-(4,5)-SK construct showed a slightly lowered mobility as compfu^ed to 
eithra^SK-FBD(4;5) or SK-FBD{r,2)r"Thi accord with the fact that whereas the 

former two hybrid constructs contained approx. 3 1 amino acid residues' deletion at the C- 
tcnninal end oif the SK moeity of the hybrid, the FBD(4,5)-SK construct had full-length SK 
integrated in its design (sec Examples, above). The FBD(4,5>SK-FBI>(4»5) coiistruct, 
containing four FBDs alongwith SK, moved with a MW corresponding: to 60 kD on SDS- 
PAGE. In the absence of bcta-mercaptoethanol, the MW*6 calculated for all foiif hybrids 
were approximately the same as observed in the presence of beta-mercaptdetlianolj) indicating 
that the constructs obtained after refolding and binding with fibrin-^Sepharose ccrritained 
essentially monomeric fonns of the polypeptides. 

The specific activities of the purified proteins for PG activation, as deicnnined by the . 
chromogenic assay were: 2.2 x 10^ l.U./mg for SK-FBD(4,5), 1.8 x 10* I.U,/mg for SK- 
FBD(UX 4 X 10^ l.U./mg in case of FBD(4,5)-SK and 5 x 102 I.U./mg for FBp(4^5)-SK. 
FBD(4,5), respectively. Under the same conditions, native S. equisimilis or SK;purified 
fron £. coli (Met-SK) as described in Example 2, above, showed a much Ugher activity (-1.0 
X 10^ I.U./mg), The reason for the apparently lowered specific activities in case jof the 
chimeric proteins was revealed when these were assayed by a sihgle^hase, continuous 
spectrophotometric assay by directly determining their rates (slopes) for HPG activation by 
standard methods (Wohl, iLC, Summaria, L., and Robbins, K.C.. 1980, J. Biol Chem, 
255:2005 ), These assays revealed that whereas native SK or £. co/i-expressed MetrSK did 
not display an appreciable lag in the progress curves obtained for the PG activation reacdonis 
(less than 1 min), all of the hybrid proteins displayed significant initial periods in their PG 
activation profiles (varying from 7 to 25 min depending on the construct) wherein little or no 
plasmin formation occured. However, after the initial lags, the PG activation proceeded with 
a high rate, generating slopes closely similar to those obtained with native SK (sec below). 

Example 8. Functional characterization of the chimeric proteins in terms of their, altered 
kinetics of plasminogen activation and fibrin clot dissolution. 
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The proteins prepared in Example 7, above, as well as native and Met.SK (as oratrpls) were 
examined vath respect to their PG activation kinetics. This essentiaUy entailed fee study of 
the time^ourse of PG activati n by the various SK^BD chimeras and Ae detwi^^ 
^eir steady-state kinetic constants for PG activation. A one-stage assay 4ictb<wf to 
measure the activation of HPG ; reference in this context may be made to several pubKc^ohs 
in the literature e.g., Shi, G.Y., Chang, B.L, Chen, S.M., Wu, D.H. and Wii^ HiL,. :199.4, 
Biochem. J. 304:235; Wu, H.L., Shi. G,Y., and Bender, MX., 1987, i'roc. Na^l. Acad. Sci. 
84: 8292; Wohl, R.C., Summaria, L., and RobbinS, K.C., 1980. J. Bidl Cheml 255:>005; 
Nihalani, D., Raghava. G,P.S., Sahni, G.. 1997, ProL Sci, 6:1284 ), Briefly, it bivolved the 
addition of the activator proteins to be studied in a small aliquot (-5 uT) into IQO ul-voli?me 
micTocuvette containing 1 uM of HPG in assay buffer (50 mM Tris-CI buifiex, pH 7^5.» 
containing 0.5 mM chromogenic peptide substrate and 0.1 M NaCl). The pro^in aliquote 
were added after addition of all other con^jonents into the cuvette and hiinging the 
spectrophotometric absorbance to zero. The change in absorbance at 405 nin was tJicn 
measured as a function of time in a Shimadza yV-160 model spectrpphotonieter (Fig.);. 
While SK showed a rapid PG activation kinetics, the kinetics for SK-FBD chinicric protein 
[shown for SK-FBD(4,5) in Fig, ] displayed a characteristic lag, or delay, in the initial phase 
of the rate of PG activation that was clearly different from the rates seen with SK/ Tins 
property viz., initial delay in HPG activation, as well as its magnitude, was largely 
independent of the amoimt of the chimeric protein employed in the assay, as vveD as the 
concentration of HPG in the reaction. Another notable feature was ; that tKie lag^times 
associated with the different chimeric proteins imder the same conditions. In tlie- case of SK- 
FBD( 1 ,2) and SK-FBD(4,5) the lag period corresponded to 10-12 mm, for FBD(4,5)-SK. 7-8 
min, and 20-25 min in case of FBD(4,5)-SK-FBD(4,5). Under the same cdnditioiiS; (-1 uM 
HPG, 1-2 nM of protein), native SK or Mct-SK displayed very little lag period (ie- le$s 
than 1 min duration) during PG activation* 

The mechanism of tfie initial lag in the various SK-FBD chimeras was investigated' by 
examining the SDS-PAGE profiles of various . aliquots withdrawn from' plasminogen 
activation reactions withdrawn at different time-intervals after the mixing of SK or SK-FBD 
chimeric protein with human PG. These showed that the appeaianoe of rapid PG activation 
following the lag period closely coincided with the cleavage of the FBD portion* from, the rest 
of the molecule (SK portion) as evidenced by a reduction of the molecular weight of the 
hybrid. That the proteolysis was mediated by trace amounts of plasmJn in the .system vsois 
evident by the observation that either removal of trace plasmin by passage of the hutnan PG. 
through soybean trypsin inhibitor agarose (a material that selectively binds plaamin and doies 
not bind plasminogen) led to very high periods of lag for all of the hybrid pr6teins[ viz. - from 
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10*12 min to approx. 25 niin for SK-FBD (U) , Sk-FBD(4,5, and FBD(4,5>SK; to appsrox 
35 min for FBD(4,5)-SK-FBD(4.5) from an initial value of approx. 20 min]. Altqmtively, 
tihe addition of small quantities of preformed human plasmin into the PO BCtiyAtiQU^Te^cticms 
(made by the conversion of PG to plasmin with agarbse*iinm bilizbd; in^kinAse) . 
considerably enhanced the lag periods associated with the different SKi^t^D cbimtnas. 

To determine the sieady-state kinetic parameters for HPG activation of the abtivatc^d forins of 
the hybrids, fixed amoimts of SK or SK-FBD chimeric protein (1 nM) were addl&d to the 
assay buffer containing various concentrations of HPG (ranging from 6.035 to 2.0 ^iM)= m the 
100 uL assay micro-cuvene as desribed above* The change in absprbance (representing 
velocity, v) was then measured spectrophotometrically at 405 nM for a period of 30* min at 22 
X, All determinations were done in triplicates and their averages taken fbj analysis The 
kinetic parameters for HPG activation were then calculated (using the linear portion of the 
progress curve;?) from inverse, Lineweaver>Burke plots using stahdai^l procedure (Wohl, 
R,C,, Siimmaria, L,, and Robbins, K.C.. 1980., J. Biol Chem, 25$: 2dOi5). \N4icrein the 1/v 
value is plotted on the ordinate axis and 1/S value is plotted on the abscissa, S represeoling 
the (varying) concentration of substrate (HPG) employed for the reaction/s. From thesclplots, 
the Kxn for HPG (Kpig) and maximal velocities (at saturating HPG. conccritrations) were 
determined (set forth in the following Table), 

These data clearly show that once fully activated after completion of the irdtial lag. all: the 
chimeric constructs became significantly active in terms of their PQ activation^ abilitieti in 
comparison to SK,. 
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Table, Steady-atate kinetic parameters for HPG a tiva Hon by SK and Sk-FB1> hybrid 
protdina" 

Activator kpig Maximal activiiy# Lag 

protein (uM) (nwxi) 

nSK 0.14+^0.02 100.0 ^-0 

Met-SK 0.18±0.01 95.5± 5 2.0 

SK-FBD(4.5) 0.15^^0.02 52 ±.4 10;0 \ 

SK-FBD(l^) - 0.18 4^ o;03 58±.5 103 . ; : 

FBD(4,5)-SK 0.16 +.0,02 65 i.4 . t.O 

FBD(4,5).SK-FBD(4,5) 0.20 +.0.03 45 +.4 18.0; 



*The parameteis were calculated from the linear phases of the reacdon prpgress-cqrves aitisp 

the abolishment of the lag phases. Expressed relative to the activi^ of natiVei SK froln 
S'/reprococcitf (ATCC 12449), taken as 100 percent 

In a separate series of experiments, the rates of proteolytic dissoli^dn; of radiolabelled fibtin 
clots m vitro was examined to test whether, like native SK, the SK-FB1> chimeric proteihs . 
could also efiSciently break down fibrin to soluble products, a fundiamental biolb^c^t 
property of all thrombolytic agents, and also to examine if the altered PG activation kinetics 
observed with synthetic peptide substrate, described above (i.e. slow initial, ratea, followed 
by rates close to those observed for native SK) were also reflected at the. level of clot lysisi 

Radioactive fibrin clots were first prepared by mixing 400 ul of cold fibrinogen (2.5 mg/itd 

125 5 ' 

stock) with 50 ul of I-labelled fibrinogen containing 9 XIO cpm^ (s*pecific activity, 7,2 

X 10^ cpmAig protein) and adding to a solution (150 ul) containing 100 ug.HPG and 6^5 
N.LH. units of thrombin (Sigma). All solutions were made in 0* 1 M citrsite phosphate buifer, 
pH 7.5, containing 0.8 percent BSA (BSA-citrate buffer). The final volume of the clottmg 
reaction was adjusted to a total volume of 1 ml with BSA^itrate buffer The clot was 
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formed by incubating the mixture in a glass tube at 37 X for 2 rmxu The clot was thfen 
washed thric with 2 ml of TNT buffer (50 mM Tris-Cl buffer, pH 7.5, containing 38 mM 
NaCl and 0.01 percent Tween-80) for 3 min at 37 "C. When required, noni^^radioaictivt fibrin 

- ' ' *12'5 

clots were prepared exactly as described above but omitting the inchision of M&belled 
fibrinogen from the clotting mixture. The effect of the thrombolytic agent (nativt- SK pr SK- 
FBD hybrid) was then studied in terms of release of radioactivity from the! clot kfept either in 
a plasma milieau or in presence of excess human fibrinogen as described beldWr 

Clot lysis of pre-fonned fibrin clots suspended in human plasma was carried ma by 
suspending l^Sj^iabelled and extensively washed clots in 2 ml citrated biimaii plasma^ 
prewarmed at 37 °C, and adding different amounts of either SK or a given SK-FBD hybrid- 
protein. The reaction tubes were rotated slovdy at 37 in a wat«r bath atid 0.1 ml aiiquots 

125 , 

of the soluble fraction were removed at regular intervals to nieasu« the I-fibrin 
degradation products released by measuring the amount of radioactivity using a igamma* 
coimter. The total radioactivity in each clot was determiilcd by measuring the tadi^ctivity of 
the respective tube before withdrawing any aliquot prior to the addition of throtnbplytic- 
agent. A comparison of the dissolution kinetics of radio-labelled fibrin clots by native SK 
and the various SK-FBD chimeric proteins in plasma milieau also clearly showed that the lag 
displayed by the latter during the PG activation assays was essexrtijally preiserved during dot 
lysis also. While SK caused relatively rapid dissolution of the fibrin and a .plaiteauing.of the 
dissolution reaction ai or around 15 rnin , a prolonged lag in the case of the SK-FBT)(4,S.) 
hybrid protein (approx. 10 min) was evident at the same protein conoentratibn. (riepresentatiye 
data for these two proteins are shown iii Fig. 24). In the case of the other hybridsii tbe lag- 
times in plasma were essentially as seen with PG activation assays viz.,. It) min for SK»- 
FBD( 1 ,2), 8 min for FBD(4,5>SK, and 1 8 min for FBD(4,5)-SK-FBD(4,5); 

Clot lysis in the presence of an excess of human fibrinogen wais also .carried 'put by. 
measuring the rate of dissolution of radio-labelled fibrin clot by SK or SK*?BD prbteitj lin the; 
presence of various concentrations of human fibrinogen (1-4 mg/nU) and 100 dM of either 
SK or SK-FBD hybrid protein. Clot lysis was also performed in the pr^encie of fixed 
fibrinogen concentration (2 mg/ml) but employing different concentrations of SK /SK- 
FBD protein (ranging from 50 to 200 nM), The reactions were incubated at 37 in a! water 

bath with gentle shaking, and the release of * I-fibrin degradation products as a function of 
time was measured in the supernatant, as described above. All of the hybrid proteins were 
able, like SK, to dissolv the fibrin clots in a dose-dopendent mariner; hbwever> there. WW a 
distinct lag in the case of the SK-FBD hybrids closely similar to that seen with clot lysis in 
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plasma milieau. The lag period varied with. construct design viz., in. case f SK an absence of 
any appreciable lag was observed (less than 2 min). The lag tinies for SK"FBD{4iS);and SK- 
FBD(1,2) were 10-11 min; for FBD(4,5)-SK 7-8 min; and 18-20 min for FBIX43)-SK- 
FBD(4,5). 

Advantages of the invention: 

The advantage of the present invention lies in its disclosure of the desig^i of strliciurally 
defined SK-FBD chimeric polynucleotide DNAs in which the Cranslational in-firanie liision 
of the DNAs encoding SK, or its modified forms, and. those for tte minimally essential 
human Fibronectin gene that are capable of possessing significant .fibrin afiim'ty^on tiieir 
owa, such as those FBDs that possess independent fibrin binding capability (e.g., "finger" 
domains 4 and S of human fibronectin) has been carried out in suth a manner ihax the 
polypeptide/s expressed fi^om these polynucleotide constructs possess fibrin affinity (which 
SK, on its ovyn, does not possess) together with a delayed PG activation kinetics (unlike SK 
which show an immediate activation of PG). 

The simultaneous presence of the afore-mentibned properties in the same PG activator 
confers distinct advantages into the resultant proteins. Soon after injection inio the 'body, 
whilst the chimeric PG activator proteins are still in an inactive or partially active stated they: 
will bind to the pathological fibrin clot during their sojourn through the vascular system:in an 
inactive/partially active state. However, after an initial lag, these will become fixlly activated 
in the immediate vicinity of the clot, thereby obviating the systemic PG activation coincident 
with natural SK administration. Whilst the former property would be expected to confer on. 
the thrombolytic agent/s an ability to target itself to the immediate locale of the pathological 
clot and thus help binld up therapeutically effective concentrations of the activptor tlierein^ 
the initially slowed kinetics of PG activation would result in an overall dimitiished 
generation office plasmin in the circulation prior to their localization to the. site of circulatory 
impedence induced by the pathological fibrin clot The net result shall be a continueid and 
more efficient fibrinolysis at the target sustained by considerably lowered therhpeutically 
effective dosages of the thrombolytic agent 
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